


SECTION IX

ANALYTICAL DATA (ISOTOPIC THORIUM)

US EPA ARCHIVE DOCUMENT
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§E§:§E§:{:§E§; tory 1 ?’r;‘ol 3(0)51 Printed: 4/1 9/20; 2 95;519 3!\;
Run 1
Work Order 040 Fraction | Due. “o o g Aiiquot

Analysis Code ThISO 01 LCS LCS 04/09/13 00:00 1.0000E+00
Run 02 MBL BLANK 04/09/13 00:00 1.0000E+00
Date Received 4/9/2013 03 DUP PZ-105-SS TOT 46 04/04/13 15:06 1.0000E+00
Lab Deadline 4/30/2013 04 DO PZ-105-SS TOT 46 04/04/13 15:06 1.0000E+00
Client | Engineering Management Support, Inc. 05 TRG PZ-105-SS DIS 46 04/04/13 15:06 1.0000E+00
Project West Lake OU-1 06 TRG $-10 TOT 42 04/04/13 15:25 1.0000E+00
Report Level 4 07 TRG S-10 DIS 42 04/04/13 15:25 1.0000E+00
Activity Units pCi 08 TRG LR-104 TOT 45 04/04/13 15:52 1.0000E+00
Aliquot Units I 09 TRG LR-104 DIS 45 04/04/13 15:52 1.0000E+00
Matrix WA 10 TRG DUP 01 TOT 48 04/04/13 00:00 1.0000E+00
Method NAS NS-3004 Mod 11 TRG DUP 01 DIS 48 04/04/13 00:00 1.0000E+00
Instrument Type Alpha Spectroscopy 12 TRG DUP 02 TOT 43 04/04/13 00:00 1.0000E+00
Radiometric Tracer Th-229 13 TRG DUP 02 DIS 43 04/04/13 00:00 1.0000E+00
Radiometric Sol# Th-18a 14 TRG FB at PZ-110-SS TOT 42 04/04/13 09:30 1.0000E+00
Tracer Act (dpm/g) 22.467 15 TRG FB at PZ-110-SS DIS 42 04/04/13 09:30 1.0000E+00
Carrier 16 TRG MW-103 TOT 48 04/05/13 09:50 1.0000E+00
Carrier Conc (mg/ml) 17 TRG MW-103 DIS 48 04/05/13 09:50 1.0000E+00
18 TRG PZ-200-SS TOT 37 04/05/13 11:10 1.0000E+00
19 TRG PZ-200-SS DIS 37 04/05/13 11:10 1.0000E+00

&2

Py
f# * SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

L

** Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.




EEE:EE% EE-EE)::; tory 1 ::- _lggg51 Printed: 4/1 9/20;:; 95e:529 :}wsl
Run 1

Internal | Sample Tracer Tracer Total Radiometric | Radiometric | Grav Carrier | Grav Filter Grav Filter Grav Filter Grav Mean SAF SAF
Fraction | Desc | Aliquot(g) ACT (dpm) Tracer (pCi) % Rec | Added (mi) Tare (g) Final (g) Net (g) % Rec % Rec 1* 2*

01 LCS 0.4745 10.7 0.00

02 MBL 0.2347 53 0.00

03 DUP 0.2168 4.9 0.00

04 DO 0.2341 5.3 0.00

05 TRG 0.2315 52 0.00

06 TRG 0.2327 5.2 0.00

07 TRG 0.2311 5.2 0.00

08 TRG 0.2321 5.2 0.00

09 TRG 0.2322 5.2 0.00

10 TRG 0.2322 5.2 0.00

1" TRG 0.2294 5.2 0.00

12 TRG 0.2329 5.2 0.00

13 TRG 0.2322 5.2 0.00

14 TRG 0.2318 5.2 0.00

16 TRG 0.2240 5.0 0.00

16 TRG 0.2320 5.2 0.00

17 TRG 0.2316 5.2 0.00

18 TRG 0.2298 5.2 0.00

19 TRG 0.2324 52 0.00

s
t
=
o

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

** Actual mass exceeded the calibration curve range. Results should be qualified as appropriate.



§E§:§E£QS§E_E§:; tory 1 i _r?l gg 51 Printed: 4/1 9/20;: 95;539 :st
Run 1
Internal | Sample Rough Prep Prep Prep Sep t0 Sep t0 Sep t1 Sep t1
Fraction | Desc By Date By Date/Time By Date/Time By
01 LCS 04/16/13 08:20 | JBARNARD
02 MBL 04/16/13 08:20 ; JBARNARD
03 DUP 04/16/13 08:20 | JBARNARD
04 DO 04/16/13 08:20 | JBARNARD
05 TRG 04/16/13 08:20 | JBARNARD
06 TRG 04/16/13 08:20 | JBARNARD
07 TRG 04/16/13 08:20 | JBARNARD
08 TRG 04/16/13 08:20 | JBARNARD
09 TRG 04/16/13 08:20 | JBARNARD
10 TRG 04/16/13 08:20 | JBARNARD
11 TRG 04/16/13 08:20 | JBARNARD -
%712 TRG 04/16/13 08:20 | JBARNARD
13 TRG 04/16/13 08:20 | JBARNARD
14 TRG 04/16/13 08:20 | JBARNARD
15 TRG 04/16/13 08:20 | JBARNARD
16 TRG 04/16/13 08:20 | JBARNARD
17 TRG 04/16/13 08:20 | JBARNARD
18 TRG 04/16/13 08:20 | JBARNARD
19 TRG 04/16/13 08:20 | JBARNARD

* SAF1 is used for Gross Alpha and all other radionuclides. SAF2 is used for Gross Beta only.

** Actual mass exceeded the calibration curve range. Resuits should be qualified as appropriate.
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Preliminary Data Report & Analytical Calculations
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Oak Ridge Laborato . Page 1 0of 3
g v Work Order: 13-04051-ThISO-1
Lab . Sample Client Activity . LCcs LCS LCS RPD MDA Blank
Fraction Nuclide Desc Identification Units Results Error Estimate MDA Known %R Flag Flag Flag Flag
01 TH-228 LCS LCS pCin 5.19E+00| 8.11E-01| 1.38E-01] 4.82E+00| 107.62 OK OK
c 02 TH-228 MBL BLANK pCirt -4.07E-03| 3.26E-02| 8.79E-02 OK OK
S -
4
03 TH-228 DUP PZ-105-SS TOT pCill -2.07E-02] 5.54E-02| 1.48E-01 NA oK
04 TH-228 DO PZ-105-SS TOT pCift 4.21E-02| 5.81E-02] 9.54E-02 OK
g O
3 N 05 TH-228 TRG PZ-105-SS DIS pCilt 8.79E-03| 5.13E-02| 1.16E-01 OK
@
‘0 ——
2 L 06 TH-228 TRG $-10 TOT pCill 3.04E-02] 8.81E-02| 1.76E-01 OK
g b=
07 TH-228 TRG $-10 DIS pCil 4.96E-02| 1.08E-01] 2.06E-01 OK
§ 08 TH-228 TRG LR-104 TOT pCill 8.25E-02| 7.59E-02| 9.36E-02 OK
Ay
o
§ 09 TH-228 TRG LR-104 DIS pCill 3.44E-02| 6.60E-02| 1.22E-01 OK
-
0
g N 10 TH-228 TRG DUP 01 TOT pCill 8.30E-02| 9.23E-02| 1.32E-01 OK
-
(73
2 11 TH-228 TRG DUP 01 DIS pCint 6.59E-03| 2.75E-02| 7.06E-02 OK
£
é 12 TH-228 TRG DUP 02 TOT pCint 1.03E-01| 1.18E-01| 1.63E-01 OK
g 13 TH-228 TRG DUP 02 DIS pCil 1.24E-02] 2.98E-02| 6.24E-02 OK
g 14 TH-228 TRG FB at PZ-110-SS TOT pCii 1.50E-01| 1.27E-01| 1.07E-01 OK
Q.
aQ
a 15 TH-228 TRG FB at PZ-110-SS DIS pCi 1.53E-02] 3.68E-02] 7.71E-02 OK
-t
f=
¥ g 16 TH-228 TRG MW-103 TOT pCint 1.38E+00! 3.56E-01| 8.51E-02 OK
O ]
= o
© § 17 TH-228 TRG MW-103 DIS pCill -2.40E-02| 6.13E-02| 1.78E-01 OK
=
> 18 TH-228 TRG PZ-200-SS TOT pCin -3.77E-03| 6.42E-02] 1.51E-01 OK
=
o
b3 19 TH-228 TRG PZ-200-SS DIS pCiil 3.06E-02| 6.96E-02] 1.31E-01 OK
g
i
&
fad
@y




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 4/22/2013 8:56 AM

Oak Ridge Laboratory Work Order: 13-04051-ThISO-1 Page2of3

Lab . Sample Sample Sampl Radi tric Grav Mean Sep t0 Sep t1
Fraction Nuclide Desc Date Aliguot % Rec % Rec % Rec SAF . Date/Time Date/Time
01 TH-228 LCS 04/09/13 00:00 1.00E+00 101.07 0.00 0.00
02 TH-228 MBL 04/09/13 00:00 1.00E+00 125.51 0.00 0.00
S| <=
x
03 TH-228 DUP 04/04/13 15:06 1.00E+00 99.08 0.00 0.00
04 TH-228 DO 04/04/13 15:06 1.00E+00 125.42 0.00 0.00
g O
° -
o 7] 05 TH-228 TRG 04/04/13 15:06 1.00E+00 106.96 0.00 0.00
K
m —
3 L 06 TH-228 TRG 04/04/13 15:25 1.00E+00 92.66 0.00 0.00
| b=
07 TH-228 TRG 04/04/13 15:25 1.00E+00 67.00 0.00 0.00
3 TH-228 TRG 04/04/13 15:52 1.00E+00 109.30 0.00 0.00
h<
o
§ 09 TH-228 TRG 04/04/13 15:52 1.00E+00 96.70 0.00 0.00
-
"]
% N 10 TH-228 TRG 04/04/13 00:00 1.00E+00 74.58 0.00 0.00
L)
QD
z 11 TH-228 TRG 04/04/13 00:00 1.00E+00 101.24 0.00 0.00
kS
é 12 TH-228 TRG 04/04/13 00:00 1.00E+00 56.32 0.00 0.00
g‘ 13 TH-228 TRG 04/04/13 00:00 1.00E+00 94.78 0.00 0.00
%’ 14 TH-228 TRG 04/04/13 09:30 1.00E+00 53.71 0.00 0.00
Q
o
@ 15 TH-228 TRG 04/04/13 09:30 1.00E+00 80.10 0.00 0.00
-
o
s g 16 TH-228 TRG 04/05/13 09:50 1.00E+00 112.76 0.00 0.00
] Q
= >
© g 17 TH-228 TRG 04/05/13 09:50 1.00E+00 78.97 0.00 0.00
=
= 18 TH-228 TRG 04/05/13 11:10 1.00E+00 92.08 0.00 0.00
=
[+1]
] 19 TH-228 TRG 04/05/13 11:10 1.00E+00 107.85 0.00 0.00
i)
[=
w




Eberline Services

Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Work Order: 13-04051-ThiSO-1

Printed: 4/22/2013 8:56 AM

Lab . Sample Counting Halflife . Count Bkg
Fraction Nuclide Desc Date/Time (days) Detect Carrier Time Counts cPM Eff
01 TH-228 LCS 04/20/13 13:48 A_Spec |Alpha_010 170|3.88 E+02 |2.70 E-02 19.7
. 02 TH-228 MBL 04/20/13 13:48 A_Spec |Alpha_011]  170|-3.80 E-01 |1.40 E-02 19.7
3 <« -
« 03 TH-228 DUP 04/20/13 13:48 A_Spec |Alpha_013]  170|-1.42 E+00 |2.60 E-02 18.7
04 TH-228 DO 04/20/13 13:48 A_Spec Alpha_014 170/3.62 E+00 (1.40 E-02 18.5
QO
3
8 05 TH-228 TRG 04/20/13 13:50 A_Spec |Alpha_ 018  170/6.20 E-01 [1.40 E-02 178
b4
1]
2 06 TH-228 TRG 04/20/13 13:50 A_Spec |Alpha_022| 170.02|1.60 E+00 |2.00 E-02 15.3
[~
<
07 TH-228 TRG 04/20/13 13:50 A_Spec |Alpha_024]  170(2.11 E+00 |1.70 E-02 17.4
$ 08 TH-228 TRG 04/20/13 13:50 A_Spec |Alpha_025  170/5.81 E+00 |7.00 E-03 17.4
A
S
£ TH-228 TRG 04/20/13 13:50 A_Spec Alpha_027 170/2.13 E+00 |1.10 E-02 17.3
g
Iy
8 10 TH-228 TRG 04/20/13 13:50 A_Spec |Alpha_029|  170|4.47 E+00 |9.00 E-03 19.5
2
L)
‘g 11 TH-228 TRG 04/20/13 14:11 A_Spec |Alpha_041 170(4.90 E-01  |3.00 E-03 19.8
£
é 12 TH-228 TRG 04/20/13 14:11 A_Spec Alpha_042 170(3.98 E+00 |6.00 E-03 18.5
g 13 TH-228 TRG 04/20/13 14:11 A_Spec |Alpha_044|  170(3.30 E-01 |1.00 E-03 19
] 14 TH-228 TRG 04/20/13 14:11 A_Spec |Alpha_046|  170|5.83 E+00 |1.00 E-03 17.9
o
a
a 15 TH-228 TRG 04/20/13 14:11 A_Spec |Alpha_047]  170/8.30 E-01 |1.00 E-03 18.2
wt
[=4
x £ 16 TH-228 TRG 04/20/13 14:11 A_Spec |Alpha_048]  170|9.72 E+01 |5.00 E-03 16.8
[ Q
2 o
© g 17 TH-228 TRG 04121113 14:27 A_Spec |Alpha_003  170|-1.23 E+00 |1.80 E-02 17.5
=
g’ 1 8 TH-228 TRG 04/121/13 14:27 A_Spec Alpha_004 170-2.50 E-01 (2.50 E-02 19.4
T
o
g 19 TH-228 TRG 04/21/13 14:27 A_Spec Alpha_010 170{2.41 E+00 |2.70 E-02 19.7
g
W
Y
P
4]

)
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Eberline Services

Preliminary Data Report & Analytical Calculations

Printed: 4/22/2013 8:57 AM

Oak Ridge Laboratory . v Page 1 of 3
Work Order: 13-04051-ThiSO-1
Lab . Sample Client Activity . LCS LCS LCS RPD MDA Blank
Fraction Nuclide Desc Identification Units Results Error Estimate MDA Known %R Flag Flag Flag Fiag
01 TH-230 LCS LCS pCi/l 5.36E+00| 8.30E-01| 7.99E-02] 5.49E+00 97.59 OK OK
. 02 TH-230 MBL BLANK pCin 1.04E-01) 6.83E-02] 5.12E-02 OK OK
S -
x
03 TH-230 DUP PZ-105-SS TOT pCifl 1.34E-01] 9.22E-02| 8.09E-02 NA OK
04 TH-230 DO PZ-105-SS TOT pCill 7.81E-02| 6.54E-02| 7.55E-02 OK
g O
S 75 05 TH-230 TRG PZ-105-SS DIS pCill 2.42E-01| 1.23E-01} 7.88E-02 OK
2 N o 06 TH-230 TRG $-10 TOT pCi/l 2.65E-01| 1.51E-01| 1.12E-01 OK
g
07 TH-230 TRG S-10 DIS pCill 1.04E-01| 1.16E-01{ 1.65E-01 OK
3 08 TH-230 TRG LR-104 TOT pcCil 1.56E-01] 9.89E-02| 8.33E-02 OK
A
[s]
'§ 09 TH-230 TRG LR-104 DiS pCi/l 6.05E-02| 7.18E-02] 1.05E-01 OK
-
]
§ N 10 TH-230 TRG DUP 01 TOT pCil 1.89E-01] 1.24E-01| 1.03E-01 OK
-
-
‘é’ 11 TH-230 TRG DUP 01 DIS pCil 1.04E-01| 8.05E-02| 8.73E-02 OK
£
é 12 TH-230 TRG DUP 02 TOT pCin 1.74E-01] 1.38E-01, 1.07E-01 OK
g 13 TH-230 TRG DUP 02 DIS pCilt 1.47E-01| 9.88E-02] 8.83E-02 OK
g_ 14 TH-230 TRG FB at PZ-110-SS TOT pCill 1.47E-01| 1.26E-01| 1.05E-01 OK
Q.
@ 15 TH-230 TRG FB at PZ-110-SS DIS pCill 2.49E-01| 1.41E-01| 8.70E-02 OK
-
c
€ g 16 TH-230 TRG MW-103 TOT pCill 1.22E+00| 3.24E-01| 5.85E-02 OK
O QO
= o
© § 17 TH-230 TRG MW-103 DIS pCiil 1.15E-01| 1.03E-01| 1.21E-01 OK
=
> 18 TH-230 TRG PZ-200-SS TOT pCit 1.41E-01| 1.01E-01/ 1.06E-01 OK
‘=
-}
Q 19 TH-230 TRG PZ-200-SS DIS pCin 1.02E-01| 7.58E-02| 7.49E-02 OK
2
w
Gey
Pl
=]

L4




Eberline Services

Preliminary Data Report & Analytical Cailculations

Printed: 4/22/2013 8:57 AM

Oak Ridge Laborato . Page 2 of 3
9 i Work Order: 13-04051-ThiSO-1
Lab " Sample Sample Samp Radi tric Grav Mean Sep tO Sep t1
Fraction Nuclide Desc Date Aliquot % Rec % Rec % Rec SAF Date/Time Date/Time
01 TH-230 LCS 04/09/13 00:00 1.00E+00 101.07 0.00 0.00
02 TH-230 MBL 04/09/13 00:00 1.00E+00 125.51 0.00 0.00
S|
x
03 TH-230 DUP 04/04/13 15:06 1.00E+00 99.08 0.00 0.00
04 TH-230 DO 04/04/13 15:06 1.00E+00 125.42 0.00 0.00
Q
°
3 8 05 TH-230 TRG 04/04/13 15:06 1.00E+00 106.96 0.00 0.00
2
» ——
< -IE 06 TH-230 TRG 04/04/13 15:25 1.00E+00 92.66 0.00 0.00
[~
<
07 TH-230 TRG 04/04/13 15:25 1.00E+00 67.00 0.00 0.00
3 08 TH-230 TRG 04/04/13 15:52 1.00E+00 109.30 0.00 0.00
e
[e]
'§ 09 TH-230 TRG 04/04/13 15:52 1.00E+00 96.70 0.00 0.00
-
w
38 N 10 TH-230 TRG 04/04/13 00:00 1.00E+00 74.58 0.00 0.00
E -
D
3 11 TH-230 TRG 04/04/13 00:00 1.00E+00 101.24 0.00 0.00
S
ﬁ 12 TH-230 TRG 04/04/13 00:00 1.00E+00 56.32 0.00 0.00
g‘ 13 TH-230 TRG 04/04/13 00:00 1.00E+00 94.78 0.00 0.00
£ 14 TH-230 TRG 04/04/13 09:30 1.00E+00 58.71 0.00 0.00
Q.
Q
@ 15 TH-230 TRG 04/04/13 09:30 1.00E+00 80.10 0.00 0.00
c
T g 16 TH-230 TRG 04/05/13 09:50 1.00E+00 112.76 0.00 0.00
QO [
= =]
o g 17 TH-230 TRG 04/05/13 09:50 1.00E+00 78.97 0.00 0.00
=
> 18 TH-230 TRG 04/05/13 11:10 1.00E+00 92.08 0.00 0.00
=
Q
2 19 TH-230 TRG 04/05/13 11:10 1.00E+00 107.85 0.00 0.00
@
o=
w
LY
Pudi

ik




Eberline Services

Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Work Order: 13-04051-ThiSO-1

Printed: 4/22/2013 8:57 AM

Lab . Sample Counting Halflife . Count Bkg
Fraction Nuclide Desc Date/Time {days) Detect Carrier Time Counts CPM Eff
01 TH-230 LCS 04/20/13 13:48 A_Spec |Alpha_010 170/4.01 E+02 |5.00 E-03 19.7
02 TH-230 MBL 04/20/13 13:48 A_Spec |Alpha_011 170(9.66 E+00 |2.00 E-03 19.7
S| =
&
03 TH-230 DUP 04/20/13 13:48 A_Spec |Alpha_013 170/9.32 E+00 |4.00 E-03 18.7
04 TH-230 DO 04/20/13 13:48 A_Spec |Alpha_014 170(6.81 E+00 |7.00 E-03 18.5
Q
g O
o 7] 05 TH-230 TRG 04/20/13 13:50 A_Spec |Alpha_018 170(1.73 E+01 [4.00 E-03 17.8
]
'I} —
< N - 06 TH-230 TRG 04/20/13 13:50 A_Spec |Alpha_022| 170.02|1.41 E+01 |5.00 E-03 15.3
S b=
07 TH-230 TRG 04/20/13 13:50 A_Spec |Alpha_024 170|4.47 E+00 [9.00 E-03 17.1
g 08 TH-230 TRG 04/20/13 13:50 A_Spec |Alpha_025 170|1.12 E+01 |5.00 E-03 17.4
8]
§ 09 TH-230 TRG 04/20/13 13:50 A_Spec |Alpha_027 170(3.81 E+00 (7.00 E-03 17.3
-
w
g N 10 TH-230 TRG 04/20/13 13:50 A_Spec |Alpha_029 170{1.03 E+01 {4.00 E-03 19.5
L]
Q
g 14 TH-230 TRG 04/20/13 14:11 A_Spec |Alpha_041 170|7.81 E+00 |7.00 E-03 19.8
£
[
& 12 TH-230 TRG 04/20/13 14:11 A_Spec |Alpha_042 170|6.83 E+00 |1.00 E-03 18.5
g 13 TH-230 TRG 04/20/13 14:11 A_Spec |Alpha_044 170(1.00 E+01 |0.00 E+00 19
‘g_ 14 TH-230 TRG 04/20/13 14:11 A_Spec |Alpha_046 170|5.83 E+00 [1.00 E-03 17.9
[«
A 15 TH-230 TRG 04/20/13 14:11 A_Spec |Alpha_047 170/1.37 E+01 |2.00 E-03 18.2
E
o
' g 16 TH-230 TRG 04/20/13 14:11 A_Spec |Alpha_048 170(8.68 E+01 [1.00 E-03 16.8
O -
= =]
© E 17 TH-230 TRG 04/21/13 14:27 A_Spec |Alpha_003 170/5.98 E+00 |6.00 E-03 17.5
=
> 18 TH-230 TRG 04/21/13 14:27 A_Spec |Alpha_004 170/9.47 E+00 [9.00 E-03 19.4
=
QO
g 19 TH-230 TRG 04/21/13 14:27 A_Spec |Alpha_010 170(8.15 E+00 |5.00 E-03 19.7
g
w
]
ft

[
(13
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Eberline Services

Preliminary Data Report & Analytical Calculations

Printed: 4/22/2013 8:57 AM

Oak Ridge Laborato . Page 1 of 3
g i Work Order: 13-04051-ThiSO-1
Lab . Sample Client Activity . LCcS tcs LCS RPD MDA Blank
Fraction Nuclide Desc Identification Units Resuits Error Estimate MDA Known %R Flag Flag Flag Flag
01 TH-232 LCS LCS pCill 5.22E+00| 8.13E-01, 8.40E-02| 4.82E+00/ 108.41 OK OK
e 02 TH-232 MBL BLANK pCill -3.64E-03| 2.16E-02| 5.12E-02 OK OK
S e
'S
03 TH-232 DUP PZ-105-SS TOT pCifl 1.43E-02, 3.97E-02| 8.58E-02 NA OK
04 TH-232 DO PZ-105-SS TOT pCi/t 5.61E-03| 2.34E-02| 6.01E-02 OK
g O
3 N 05 TH-232 TRG PZ-105-SS DIS pCill 3.00E-02| 4.87E-02| 8.35E-02 OK
2 = 06 TH-232 TRG s$-10 TOT pCill 1.21E-01| 1.00E-01, 9.80E-02 OK
g b=
07 TH-232 TRG S-10 DIS pCil 1.13E-02| 4.73E-02| 1.21E-01 OK
3 08 TH-232 TRG LR-104 TOT pCill 5.11E-02| 5.58E-02| 6.68E-02 OK
A
o
§ 09 TH-232 TRG LR-104 DiS pCii -5.71E-03| 3.45E-02| 1.09E-01 OK
L __J
7]
g N 10 TH-232 TRG DUP 01 TOT pCill 4.55E-02) 6.34E-02| 9.58E-02 OK
L__J
L)
g 11 TH-232 TRG DUP 01 DIS pCill -3.82E-02| 3.22E-02| 1.16E-01 OK
.ﬁ 12 TH-232 TRG DUP 02 TOT pCill 6.78E-02| 8.85E-02| 1.22E-01 OK
g 13 TH-232 TRG DUP 02 DIS. pcCin 0.00E+00|  4.08E-02| 8.82E-02 OK
§_ 14 TH-232 TRG FB at PZ-110-8S TOT pCirt 3.76E-02| 7.19E-02| 1.32E-01 OK
[
@ 15 TH-232 TRG FB at PZ-110-SS DIS pCill -6.17E-03| 3.66E-02| 8.68E-02 OK
-
<
= % 16 TH-232 TRG MW-103 TOT pCin 1.19E+00| 3.18E-01, 5.84E-02 OK
@
= (=2}
© § 17 TH-232 TRG MW-103 DIS pCill 7.03E-02| 7.70E-02| 9.19E-02 OK
=
o 18 TH-232 TRG PZ-200-SS TOT pcin 9.49E-03| 4.34E-02| 1.02E-01 OK
=
[
e 19 TH-232 TRG PZ-200-SS DIS pCifl -1.27E-02| 2.66E-02| 7.87E-02 OK
g
w
il

ks

P




Eberline Services

Preliminary Data Report & Analytical Calculations

Printed: 4/22/2013 8:57 AM

Oak Ridge Laboratory . Page 2 of 3
Work Order: 13-04051-ThiSO-1
Lab . Sample Sample Samp Radi tric Grav Mean Sep t0 Sep tt
Fraction Nuclide Desc Date Aliquot % Rec % Rec % Rec SAF Date/Time Date/Time
01 TH-232 LCS 04/09/13 00:00 1.00E+00 101.07 0.00 0.00
02 TH-232 MBL 04/09/13 00:00 1.00E+00 125.51 0.00 0.00
§ -
o
03 TH-232 DUP 04/04/13 15:06 1.00E+00 99.08 0.00 0.00
04 TH-232 DO 04/04/13 15:06 1.00E+00 125.42 0.00 0.00
g O
Q .
o 7 05 TH-232 TRG 04/04/13 15:06 1.00E+00 106.96 0.00 0.00
s N - 06 TH-232 TRG 04/04/13 15:25 1.00E+00 92.66 0.00 0.00
g b=
07 TH-232 TRG 04/04/13 15:25 1.00E+00 67.00 0.00 0.00
3 08 TH-232 TRG 04/04/13 15:52 1.00E+00 109.30 0.00 0.00
A
(o]
§ 09 TH-232 TRG 04/04/13 15:52 1.00E+00 96.70 0.00 0.00
L __J
]
§ N 10 TH-232 TRG 04/04/13 00:00 1.00E+00 74.58 0.00 0.00
L __J
L1
E 11 TH-232 TRG 04/04/13 00:00 1.00E+00 101.24 0.00 0.00
£
u% 12 TH-232 TRG 04/04/13 00:00 1.00E+00 56.32 0.00 0.00
g 13 TH-232 TRG 04/04/13 00:00 1.00E+00 94.78 0.00 0.00
'§ 14 TH-232 TRG 04/04/13 09:30 1.00E+00 58.71 0.00 0.00
Q
@ 15 TH-232 TRG 04/04/13 09:30 1.00E+00 80.10 0.00 0.00
@ .
=
' g 16 TH-232 TRG 04/05/13 09:50 1.00E+00 112.76 0.00 0.00
() (]
= o
() < . .
£ 17 TH-232 TRG 04/05/13 09:50 1.00E+00 78.97 0.00 0.00
=
= 18 TH-232 TRG 04/05/13 11:10 1.00E+00 92,08 0.00 0.00
=
[
g 19 TH-232 TRG 04/05/13 11:10 1.00E+00 107.85 0.00 0.00
g
w
gy
Fad
s

%]




Eberline Services

Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Work Order: 13-04051-ThiSO-1

Printed: 4/22/2013 8:57 AM

Lab . Samp C ting Halflife . Count Bkg
Fraction Nuctide Desc Date/Time (days) Detect Carrier Time Counts cPM Eff
01 TH-232 LCS 04/20/13 13:48 A_Spec |Aipha_010 170{3.92 E+02 |6.00 E-03 19.7
- 02 TH-232 MBL 04/20/13 13:48 A_Spec |Alpha_011 170|-3.40 E-01 (2.00 E-03 19.7
3 g
4 ]
03 TH-232 DUP 04/20/13 13:48 A_Spec |Alpha_013 170/1.00 E+00 |0.00 E+00 18.7
04 TH-232 Do 04/20/13 13:48 A_Spec |Alpha_014 170(4.90 E-01 |3.00 E-03 18.5
g O
S N 05 TH-232 TRG 04/20/13 13:50 A_Spec |Alpha_018 170(2.15 E+00 |5.00 E-03 17.8
@
" — |
= = 06 TH-232 TRG 04/20/13 13:50 A_Spec |Alpha_022| 170.02{6.49 E+00 |3.00 E-03 15.3
g
07 TH-232 TRG 04/20/13 13:50 A_Spec |Alpha_024 170/4.90 E-01  {3.00 E-03 171
3 08 TH-232 TRG 04/20/13 13:50 A_Spec |Alpha_025 170/3.66 E+00 |2.00 E-03 17.4
A
(=]
E 09 TH-232 TRG 04/20/13 13:50 A_Spec |Alpha_027 170|-3.60 E-01 |8.00 E-03 17.3
0
8 10 TH-232 TRG 04/20/13 13:50 A_Spec |Alpha_029 170/2.49 E+00 |3.00 E-03 19.5
e
L7
'fg’ 11 TH-232 TRG 04/20/13 14:11 A_Spec |Alpha_041 170|-2.89 E+00 |1.70 E-02 19.8
S
[
& 12 TH-232 TRG 04/20/13 14:11 A_Spec |Alpha_042 170/2.66 E+00 [2.00 E-03 18.5
g 13 TH-232 TRG 04/20/13 14:11 A_Spec |Alpha_044 170(1.00 E+00 |0.00 E+00 19
§_ 14 TH-232 TRG 04/20/13 14:11 A_Spec |Alpha_046| - 170|1.49 E+00 [3.00 E-03 17.9
.
a 15 TH-232 TRG 04/20/13 14:11 A_Spec |Alpha_047 170/-3.40 E-01 |2.00 E-03 18.2
-
o
¥ g 16 TH-232 TRG 04/20/13 14:11 A_Spec |Alpha_048 170(8.48 E+01 |1.00 E-03 16.8
[ [
= =]
© g 17 TH-232 TRG 04/21/13 14:27 A_Spec |Alpha_003 170{3.66 E+00 2.00 E-03 17.5
=
> 18 TH-232 TRG 04/21/13 14:27 A_Spec |Alpha_004 170(6.40 E-01  (8.00 E-03 19.4
‘=
-1}
2 19 TH-232 TRG 04/21/13 14:27 A_Spec |Alpha_010 170(-1.02 E+00 |6.00 E-03 19.7
g
w
]
P
frey

Hizn
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Internal | Sample Client Sample Sample Tracer Tracer Radiometric | Radiometric | SAF SAF
Fraction | Desc D Date Aliquot Aliquot (g) ACT (dpm) Tracer (pCi) % Rec 1* 2

p.\“\ 01 LCs LCS 04/09/13 00:00 1.0000 0.4745 10.6606 0.00
02 MBL BLANK 04/09/13 00:00 1.0000 0.2347 5.2730 0.00
03 DUP PZ-105-SS TOT 04/04/13 15:06 1.0000 0.2168 4.8708 0.00
04 DO PZ-105-SS TOT 04/04/13 15:06 1.0000 0.2341 5.2595 0.00
05 TRG PZ-105-SS DIS 04/04/13 15:06 1.0000 0.2315 5.2011 0.00

?’O\ 06 TRG S-10 TOT 04/04/13 15:25 1.0000 0.2327 5.2281 0.00 |
07 TRG S-10DIS 04/04/13 15:25 1.0000 0.2311 5.1921 0.00
08 TRG LR-104 TOT 04/04/13 15:52 1.0000 0.2321 5.2146 0.00
09 TRG LR-104 DIS 04/04/13 15:52 1.0000 0.2322 52168 0.00
| 10 TRG DUP 01 TOT 04/04/13 00:00 1.0000 0.2322 5.2168 0.00
11 TRG DUP & DIS 04/04/13 00:00 1.0000 0.2294 5.1539 0.00
\ 12 TRG DUP 02 TOT 04/04/13 00:00 1.0000 0.2329 7 5.2326 0.00
13 TRG DUP 02 DIS 04/04/13 00:00 1.0000 0.2322 5.2168 0.00
- 14 TRG FB at PZ-110-SS TOT 04/04/13 09:30 1.0000 0.2318 5.2079 0.00
15 TRG FB at PZ-1 {O—SS DIS 04/04/13 09:30 1.0000 0.2240 5.0326 0.00

. 16 TRG MW-103 TOT 04/05/13 09:50 1.0000 0.2320 5.2123 0.00 |
- 17 TRG MW-103 DIS 04/05/13 09:50 1.0000 0.2316 5.2034 0.00
K4 B 18 TRG PZ-200-SS TOT 04/05/13 11:10 1.“0000 0.2298 5.1629 0.00
4’ Af’i9 TRG PZ-200-SS DIS 04/05/13 11:10 1.0000 0.2324 5.2213 0.00

LEd
Pk
[ )

L1

Count Room Report
Client: Engineering Management Su

13-04051-ThISO-1 (pCi/l) in WA

Tracer ID: Th-18a

R et

Printed: 4/19/2013 5:59 AM

Page 1 of 1




ggirg?:gie::::;tory spike and Tracer Worksheet Printed: 4/16/20:;%?210(3110:!
Internal Work Order Run Analysis Code Date Technician Technician Initials Witness Initials
ThiSO 4/16/2013 8:19 JBARNARD @
g LCS&MatrixSpikes | LCS ™S LCSb | mMsb | Lcs [ mMs [CSD MSD_
Isotope Sol # Activity -[ Solution App.r?x Volume Volume Volume Volume Knou.m E{ror ° E{ror Knov./n E(ror Add?d Efror
dpm/g Date Addition Used (g) Used (g) Used (g) Used (g) pCi Estimate pCi Estimate pCi Estimate pCi Estimate
Th-228 Th-8b 103.560| 4/16/2013 0.100 ":  0.103‘3 i s 1 - 4.82 0.173 0.00 0.000 0.00| 0.000 0.00 0.000
Th-230 | Th-1b 23525 4162013 os00f  ost7e| | Py 5.49 0.148 0.00 0.000 0.00 0.000 0.00 0.000
Th-232 Th-8b 103.560, 4/16/2013 0.100 01033 i % : ; o 4.82 0.173 0.00 0.000 0.00 0.000 0.00 0.000
T ' " Tracers : " Balance ter Tapes T

fraction Isotope Sol # ':‘::":/’;y s%‘a’:i:" L‘l/:;:’in(:;) :: Z:I:’:' Tracer , LCS

01 Th-229 | Th-18a 22.467| 4/16/2013)  0.47 0.2200 j B

02 Th-229 Th-18a 22.467| 4/16/2013 0.2200

03 Th-229 Th-18a 22.467| 4/16/2013} 0.2200

04 Th-229 Th-18a 22.467| 4/16/2013} 0.2200

05 Th-229 Th-18a 22.467| 4/16/2013 0.2200

06 Th-229 Th-18a 22467 4/16/2013 . 0.2200

07 Th-229 | Th-18a 22467 411612013, € 0.2200

08 Th-229 Th-18a 22.467| 4/16/2013 - 0.2200 B

09 Th-229 Th-18a 22.467 4/16/2013| 0.2200 i i

10 Th-229 Th-18a 22.467| 4/16/2013 0.2200 -~ Matrix Spike

11 Th-229 Th-18a 22.467| 4/16/2013 0.2200 ~t

12 Th-229 | Tn-18a 22.467| anerR013] 0.2200

13 Th-229 Th-18a 22.467| 4/16/2013 0.2200

14 Th-229 Th-18a 22.467| 4/16/2013 0.2200

15 Th-229 Th-18a 22.467| 4/16/2013 0.2200

16 Th-229 Th-1ga 22.467| 4/16/2013} 0.2200

17 Th-229 Th-18a 22.467] 4/16/2013} 0.2200

18 Th-229 | Th-18a 22467, 416/2013] 0.2200

19 Th-229 Th-18a 22.467! 4/16/2013 0.2200
ﬁi Version 2.0 08/99
7Y

14]




Eberline Analytical Printed: 4/16/2013 8:20 AM

Oak Ridge Laboratory AlquOt WO rkSheet Page 1 of 1
Work Order Run Analysis Code Rpt Units Lab Deadiine Technician
ThiISO liters 4/30/2013 JBARNARD
Lab Engineering Management Support, Inc.| Sample Muffie Data Dilution Data Aliquot Data MS Aliquot Data H-3 Solids On’y ]
Eraction “Ratio L b e e A : Water Added H3 Dist
Client ID Type Post/Pre : No of Dils - - Ratio Aliquot Net Equiv Aliquot < oNet Equiv (ml) Alig
01 LCS LCS [ o ' 1.0000E+00| - 1.0000E+00 e
02 BLANK MBL 1.0000E+00} = 1.0000E+00
03 PZ-105-SS TOT pup 1.0000E+00} _ 1.0000E+00
04 PZ-105-SS TOT Do 1.0000E+00} " 1.0000E+00
05 PZ-105-SS DIS TRG 1.0000E+00| " 1,0000E+00
06 $-10 TOT TRG 1.0000E+00| - 1.0000E+00
07 S-10 DIS TRG 1.0000E+00|. - 1.0000E+00
08 LR-104 TOT TRG 1.0000E+00|. = 1.0000E+00
09 LR-104 DIS TRG 1.0000E+00| - 1 000OE+00
10 ~____DbuPo1TOT TRG 1.0000E+00| 1 .0000E+00
11 DUP 01 DIS TRG 1.0000E+00| - 1.0000E+00
12 DUP 02 TOT TRG 1.0000E+00| ~-1.0000E+00
13 DUP 02 DIS TRG 1.0000E+00} : 1.0000E+00
14 FB at PZ-110-SS TOT TRG 1.0000E+00} = 1.0000E+00
15 FB at PZ-110-SS DIS TRG 1.0000E+00{  1.0000E+00
16 MW-103 TOT TRG 1.0000E+00} - 1.0000E+00]
17 MW-103 DIS TRG 1.0000E+00{  1.0000E+00
18 PZ-200-SS TOT TRG 1.0000E+00| ~ 1.0000E+00
19 PZ-200-SS DIS TRG 1.0000E+00} 1;0000&001
Comments
]

#§  Technician:

&:’ Date: L—I_/EQ/E"




US EPA ARCHIVE DOCUMENT

__ZApex-Alpha”

SPIKE
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000560
1304051A-TH
01
Shelf 2
Th iso

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

Alpha 010

10

System Bkgd 55193
<not performed>

1.000E+000 +/-

4/19/2013
4/20/2013

0.000E+000 liter

170.0 minutes
170.0 minutes

Th229 TH-18A

0.475 mL

0.1988 +/- 0.0122

0.1967 +/- 0.0036 on 12/15/2012 11:26:40 AM
1.0107 +/- 0.0646

Control Certificate Name: NatTh Th-8

Chem. Recov. of Control:

Peak Match Tolerance:

Energy
Nuclide (MeV)
TH-227 833
TH-228 385

7:36:23 AM
1:48:50 PM

TH-232 1.084087 +/- 0.092056
0.175 MeVv
PEAK AREA REPORT = -----

Net Pk Area Ambient Reagent
Pk Area Error % Backgnd Backgnd
26.81 38.82 1.19 0.00E+000
388.41 10.01 4.59 0.00E+000
360.30 10.35 1.70 0.00E+000
401.15 9.80 0.85 0.00E+000
391.98 9.91 1.02 0.00E+000

T = Tracer Peak used for Effective Efficiency

Id Energy
Nuclide Conf. (kev)
TH-227 0.998 5850.00%*
TH-228 0.999 5400.00%
TH-229 1.000 4872 .00
TH-230 0.995 4672.00%*
TH-232 0.995 3997.00%

Activity
(pCi/liter )

.67E-001
.19E+000
.82E+000
.36E+000
.22E+000

.49E-001
.11E-001
.79E-001
.30E-001
.13E-001

el
Y13

9.01E-002
1.38E-001
9.84E-002
7.99E-002
8.40E-002

MDA

+/-
+/-
+/-
+/-
+/-

c—

74 Uy

.08E-002
.66E-002
.18E-002
.60E-003
.01E-002

i

Fal

[

)
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55
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Live Time :10200.000 sec

Real Time :10201.000 sec

start:  1:3505.7(kev)

Stop : 1024:6498.0(kev)

Acq. Start :Sat Apr 20 13:48:50 2013

ROI Type: 1

Energy (kev)

5500

M_MA\

| | nNM &
i By :‘;f};ﬁ%;‘u‘,MMMM R

6000

ROI Type: 3

6500




Channel Data Report 4/22/2013 5:12:36 AM Page 1
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* ok kokok SPECTRAL DATA REPORT ¥k ok k ok
Kkkkhkhhhkkkh ok kkhk kAR kkkkhkk kX kkhhkkkhhkhh kb kh bk khhkkkx k%

Sample Title: 01

Elapsed Live time: 10200
Elapsed Real Time: 10201

Channel|------ [------- |-=--=-- |- ----- [ |------- [ [ |
1: 10201 10200
9: 0
17: 1
25: 0
33: 0
41: 0
49:; 0
57: 0
65: 0
73: 0
81: 0
89: 0
97: 0
105: 2
113: 1
121: 3
129: 3
137: 5
145: 7
153: 9
161: 10 1
169: 11 1
177: 13
185:
193:
201:
209:
217:
225:
233:
241 :
249:
257
265:
273:
281:
289:
297:
305:
313:
321:
329:
337:
345;
353:
361:
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Channel Data Report
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__Bnpex-Alpha’

<
Sample Description: BLANK QQ/’Z—24§i
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000560
Batch Identification: 1304051A-TH
Sample Identification: 02
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 011
Chamber Serial Number:
Detector Serial Number: 11
Env. Background: System Bkgd 55194
Reagent Blank: <not performeds>
Sample Size: 1.000E+000 +/- 0.000E+000 liter
Sample Date/Time: 4/19/2013 7:36:23 AM
Acquisition Date/Time: 4/20/2013 1:48:51 PM
Acquisition Live Time: 170.0 minutes
h Acquisition Real Time: 170.0 minutes
z Tracer Certificate: Th229 TH-18A
ll‘ Tracer Quantity: 0.235 mL
Effective Efficiency: 0.2476 +/- 0.0183
z Counting Efficiency: 0.1973 +/- 0.0042 on 12/15/2012 11:28:06 AM
Chem. Recovery Factor: 1.2551 +/- 0.0967
: Peak Match Tolerance: 0.175 MeV
o ————— PEAK AREA REPORT @ -----
a Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
m TH-227 5.818 3.81 117.33 1.19 0.00E+000 2.7
> TH-228 5.385 -0.38 799.90 2.38 0.00E+000 2.7
TH-229 T 4.867 221.98 13.19 1.02 0.00E+000 4.1
H TH-230 4.678 9.66 64.35 0.34 0.00E+000 2.7
: TH-232 3.947 -0.34 592.91 0.34 0.00E+000 0.0
U T = Tracer Peak used for Effective Efficiency
< ————— NUCLIDE ANALYSTIS RESULTS = -----
Id Energy Activity MDA
{ Nuclide Conf. (keV) (pCi/liter ) (pCi/liter )
n TH-227 0.995 5850.00%* 4.18E-002 +/- 4.94E-002 7.23E-002 +/- 1.05E-002
TH-228 0.999 5400.00* -4.07E-003 +/- 3.26E-002 8.79E-002 +/- 1.28E-002
m TH-229 1.000 4872.00%* 2.39E+000 +/- 3.47E-001 6.77E-002 +/- 9.84E-003
TH-230 1.000 4672.00%* 1.04E-001 +/- 6.83E-002 5.12E-002 +/- 7.44E-003
m. TH-232 0.987 3997.00* -3.64E-003 +/- 2.16E-002 5.12E-002 +/- 7.43E-003
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0000056021 .CNF

Live Time :10200.000 sec

60+ o
B Stop : 1024:6374.2(kev)
B Acq. Start :Sat Apr 20 13:48:51 2013
551
50-f
45+
40
35§
£ r
S30L
25+
20+
15+
10
3
0 - I b | | I 1‘;’:! :!g ! | [ | 1M | LS f Lidd #
4000 4500 500 5500 600
- Energy (kev)
[y T oo
P ROI Type: 1 ROI Type: 3

Fire
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Sample Title: 02
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_SMpex-Alpha” .

Sample Description: PZ-105-SS TOT-DUP L//’&"L//{y
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000560

Batch Identification: 1304051A-TH

Sample Identification: 03

Sample Geometry: Shelf 2

Procedure Description: Th iso

Detector Name: Alpha 013

Chamber Serial Number:
Detector Serial Number: 13

Env. Background: System Bkgd 55195

Reagent Blank: <not performeds>

Sample Size: 1.000E+000 +/- 0.000E+000 liter
Sample Date/Time: 4/4/2013 7:36:23 AM
Acquisition Date/Time: 4/20/2013 1:48:52 PM
Acquisition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 minutes

Tracer Certificate: Th229_TH-18A

Tracer Quantity: 0.217 mL

Effective Efficiency: 0.1852 +/- 0.0161

Counting Efficiency: 0.1869 +/- 0.0035 on 12/15/2012 11:26:45 AM
Chem. Recovery Factor: 0.9908 +/- 0.0878

Peak Match Tolerance: 0.175 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide ({MeV) Pk Area Error % Backgnd Backgnd (kev)
TH-227 5.816 4.94 115.81 3.06 0.00E+000 2.8
TH-228 5.334 -1.42 267.35 4.42 0.00E+000 2.8
TH-229 T 4.872 153.32 15.87 0.68 0.00E+000 4.5
TH-230 4.626 9.32 66.89 0.68 0.00E+000 2.8
TH-232 3.850 1.00 277.19 0.00 0.00E+000 2.8
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ———--
1d Energy Activity MDA
Nuclide  Conf. (keV) (pCi/liter ) (pCi/liter )

0 7.26E-002 +/- 8.50E-002 1.31E-001 +/- 2.23E-002
0 2.07E-002 +/- 5.54E-002 1.48E-001 +/- 2.52E-002
TH-229 1.000 4872.00%* 2.20E+000 +/- 3.75E-001 8.11E-002 +/- 1.38E-002
0 1.34E-001 +/- 9.22E-002 8.09E-002 +/- 1.37E-002
0 1.43E-002 +/- 3.97E-002 8.58E-002 +/- 1.46E-002
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US EPA ARCHIVE DOCUMENT

_2pex-Alpha”

PZ-105-
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000560
1304051A-TH
04
Shelf 2
Th iso

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

Peak Match Tolerance:

SS TOT

Alpha 014

14

System Bkgd 55196
<not performeds

1.000E+000 +/-

4/4/2013
4/20/2013

Th229 TH-18A

0.000E+000 liter
7:36:23 AM
1:48:53 PM
170.0 minutes
170.0 minutes

0.234 mL

0.2315 +/- 0.0177

0.1846 +/- 0.0034 on 12/15/2012 11:26:44 AM
1.2542 +/- 0.0987

0.175 MeV

Energy
Nuclide {(MeV)

Net
Pk Area

3.62
206.96
6.81
0.49

Pk Area Ambient Reagent FWHM
Error % Backgnd Backgnd (keV)
1302.5 2.72 0.00E+000 2.9
137.02 2.38 0.00E+000 2.9
13.70 2.04 0.00E+000 10.0
82.43 1.19 0.00E+000 2.9
416.98 0.51 0.00E+000 2.9
NUCLIDE ANALYSIS RESULTS = -----
Activity MDA
(pCi/liter ) (pCi/liter
.29E-003 +/- 4.29E-002 1.01E-001 +/- 1
.21E-002 +/- 5.81E-002 9.54E-002 +/- 1
.38E+000 +/- 3.57E-001 8.96E-002 +/- 1
.81E-002 +/- 6.54E-002 7.55E-002 +/- 1
.61E-003 +/- 2.34E-002 6.01E-002 +/- 9

Id Energy
Nuclide Conf (keV)
TH-227 1.000 5850.00%* 3
TH-228 0.989 5400.00* 4
TH-229 1.000 4872.00%* 2
TH-230 1.000 4672.00%* 7
TH-232 0.985 3997.00%* 5
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US EPA ARCHIVE DOCUMENT

_SNpex-

Alpha”

Sample Description: PZ-105-SS DIS
Spectrum File: \\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00000560
Batch Identification: 1304051A-TH
Sample Identification: 05
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 018
Chamber Serial Number:
Detector Serial Number: 18
Env. Background: System Bkgd 55197
Reagent Blank: <not performeds
Sample Size: 1.000E+000 +/- 0.000E+000 liter
Sample Date/Time: 4/4/2013 7:36:23 AM
Acquisition Date/Time: 4/20/2013 1:50:08 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: Th229_ TH-18A
Tracer Quantity: 0.231 mL
Effective Efficiency: 0.1900 +/- 0.0158
Counting Efficiency: 0.1776 +/- 0.0033 on 12/15/2012 1:57:26 PM
Chem. Recovery Factor: 1.0696 +/- 0.0914
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT ————-

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (kev)
TH-227 5.755 0.47 626.93 1.53 0.00E+000 3.1
TH-228 5.299 0.62 583.31 2.38 0.00E+000 3.1
TH-229 T 4.870 167.98 15.18 1.02 0.00E+000 6.9
TH-230 4.629 17.32 48.17 0.68 0.00E+000 3.1
TH-232 4.016 2.15 161.66 0.85 0.00E+000 3.1

T = Tracer Peak used for Effective Efficiency
----- NUCLIDE ANALYSIS RESULTS -----
Id Energy Activity MDA

Nuclide Conf. (keV) (pCi/liter ) (pCi/liter )
TH-227 0.954 5850.00%* 6.73E-003 +/- 4.22E-002 1.02E-001 +/- 1.66E-002
TH-228 0.948 5400.00* 8.79E-003 +/- 5.13E-002 1.16E-001 +/- 1.90E-002
TH-229 1.000 4872.00%* 2.35E+000 +/- 3.85E-001 8.83E-002 +/- 1.44E-002
TH-230 0.991 4672.00%* 2.42E-001 +/- 1.23E-001 7.88E-002 +/- 1.29E-002
TH-232 0.998 3997.00%* 3.00E-002 +/- 4.87E-002 8.35E-002 +/- 1.36E-002
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_Snpex-Alpha”

Sample Description: S-10 TOT

Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000560
Batch Identification: 1304051A-TH

Sample Identification: 06

Sample Geometry: Shelf 2

Procedure Description: Th iso

Detector Name: Alpha_ 022

Chamber Serial Number:
Detector Serial Number: 22

Env. Background: System Bkgd 55198
Reagent Blank: <not performeds
Sample Size: 1.000E+000 +/- O0.000E+000 liter
Sample Date/Time: 4/4/2013 7:36:23 AM
Acquisition Date/Time: 4/20/2013 1:50:09 PM
Acquisition Live Time: 170.0 minutes
h Acquisition Real Time: 170.0 minutes
z Tracer Certificate: Th229 TH-18A
ll‘ Tracer Quantity: 0.233 mL
Effective Efficiency: 0.1419 +/- 0.0135
z Counting Efficiency: 0.1531 +/- 0.0029 on 12/15/2012 1:57:26 PM
Chem. Recovery Factor: 0.9266 +/- 0.0898
: Peak Match Tolerance: 0.175 MeV
o ————— PEAK AREA REPORT = =-----
n Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keVv)
ll‘ TH-227 5.792 4.45 120.09 2.55 0.00E+000 3.1
> TH-228 5.315 1.60 289.38 3.40  0.00E+000 3.1
TH-229 T 4.847 126.13 17.60 1.87 0.00E+000 3.3
H TH-230 4.590 14.15 53.91 0.85 0.00E+000 7.8
: TH-232 3.954 6.49 80.40 0.51 0.00E+000 3.1
U' T = Tracer Peak used for Effective Efficiency
< ----- NUCLIDE ANALYSIS RESULTS  -----
Id Energy Activity MDA
{ Nuclide Conf. (keV) (pCi/liter ) (pCi/liter )
n TH-227 0.983 5850.00%* 8.53E-002 +/- 1.04E-001 1.61E-001 +/- 3.00E-002
m TH-228 0.963 5400.00%* 3.04E-002 +/- 8.81E-002 1.76E-001 +/- 3.28E-002
TH-~-229 0.997 4872 .00%* 2.37E+000 +/- 4.41E-001 1.42E-001 +/- 2.65E-002
TH-230 0.966 4672.00%* 2.65E-001 +/- 1.51E-001 1.12E-001 +/- 2.09E-002
m TH-232 0.990 3997.00%* 1.21E-001 +/- 1.00E-001 9.80E-002 +/- 1.82E-002
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__ZApex-Alpha”

Sample Description: S-10 DIS

Spectrum File: \\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00000560
Batch Identification: 1304051A-TH

Sample Identification: 07

Sample Geometry: Shelf 2

Procedure Description: Th iso

Detector Name: Alpha 024

Chamber Serial Number:
Detector Serial Number: 24

Env. Background: System Bkgd 55199
Reagent Blank: <not performeds
Sample Size: 1.000E+000 +/- 0.000E+000 liter
Sample Date/Time: 4/4/2013 7:36:23 AM
Acquisition Date/Time; 4/20/2013 1:50:10 PM
Acquisition Live Time: 170.0 minutes
h Acquisition Real Time: 170.0 minutes
z Tracer Certificate: Th229 TH-18A
ll‘ Tracer Quantity: 0.231 mL
Effective Efficiency: 0.1146 +/- 0.0121
z Counting Efficiency: 0.1710 +/- 0.0032 on 12/15/2012 2:02:15 PM
Chem. Recovery Factor: 0.6700 +/- 0.0716
: Peak Match Tolerance: 0.175 MeV
o ----- PEAK AREA REPORT = -----
a Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
m TH-227 5.772 2.47 163.78 1.53 0.00E+000 3.1
> TH-228 5.348 2.11  217.68 2.89  0.00E+000 3.1
TH-229 T 4.826 101.13 19.70 1.87 0.00E+000 4.5
l I TH-230 4.563 4.47 109.71 1.53 0.00E+000 3.1
: TH-232 3.832 0.49 416.98 0.51  0.00E+000 3.1
U‘ T = Tracer Peak used for Effective Efficiency
< ----- NUCLIDE ANALYSIS RESULTS = -----
Id Energy Activity MDA
{ Nuclide Conf. (keV) (pCi/liter ) (pCi/liter )
n TH-227 0.969 5850.00%* 5.87E-002 +/- 9.68E-002 1.69E-001 +/- 3.48E-002
m TH-228 0.986 5400.00% 4.96E-002 +/- 1.08E-001 2.06E-001 +/- 4.24E-002
TH-229 0.989 4872.00%* 2.35E+000 +/- 4.84E-001 1.76E-001 +/- 3.63E-002
TH-230 0.939 4672.00%* 1.04E-001 +/- 1.16E-001 1.65E-001 +/- 3.39E-002
(f)] TH-232 0.867  3997.00% 1.13E-002 +/- 4.73E-002 1.21E-001 +/- 2.50E-002
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_Zhpex-Alpha”

e —
Sample Description: LR-104 TOT ?C/Lll.\47
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000560 D
Batch Identification: 1304051A-TH
Sample Identification: 08
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 025

Chamber Serial Number:
Detector Serial Number: 25

Env. Background: System Bkgd 55200
Reagent Blank: <not performeds
Sample Size: 1.000E+000 +/- 0.000E+000 liter
Sample Date/Time: 4/4/2013 7:36:23 AM
Acquisition Date/Time: 4/20/2013 1:50:11 PM
Acquisition Live Time: 170.0 minutes
h Acquisition Real Time: 170.0 minutes
z Tracer Certificate: Th229 TH-18A
ll‘ Tracer Quantity: 0.232 mL
Effective Efficiency: 0.1897 +/- 0.0158
z Counting Efficiency: 0.1736 +/- 0.0032 on 12/15/2012 1:57:27 PM
Chem. Recovery Factor: 1.0930 +/- 0.0933
: Peak Match Tolerance: 0.175 MeV
o ————— PEAK AREA REPORT @ =-=-=--
a Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Exror % Backgnd  Backgnd (keVv)
ll‘ TH-227 5.786 3.81 117.33 1.19 0.00E+000 3.1
> TH-228 5.337 5.81 90.53 1.19 0.00E+000 3.1
TH-229 T 4.868 168.15 15.16 0.85 0.00E+000 8.1
- TH-230 4.625 11.15  61.26 0.85 0.00E+000 3.1
: TH-232 3.963 3.66 107.87 0.34 0.00E+000 3.1
U T = Tracer Peak used for Effective Efficiency
< ----- NUCLIDE ANALYSIS RESULTS = -----
Id Energy Activity MDA
{ Nuclide Conf. (keV) (pCi/liter ) (pCi/liter )
(a8 TH-227 0.979 5850.00% 5.47E-002 +/- 6.48E-002 9.45E-002 +/- 1.54E-002
TH-228 0.979 5400.00%* 8.25E-002 +/- 7.59E-002 9.36E-002 +/- 1.53E-002
ll‘ TH-229 1.000 4872.00% 2.36E+000 +/- 3.85E-001 8.40E-002 +/- 1.37E-002
TH-230 0.989 4672.00% 1.56E-001 +/- 9.89E-002 8.38E-002 +/- 1.37E-002
m. TH-232 0.994 3997.00* 5.11E-002 +/- 5.58E-002 6.68E-002 +/- 1.09E-002
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US EPA ARCHIVE DOCUMENT

__Shpex-Alpha”

LR-104 DIS
\\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00000560
1304051A-TH
09
Shelf 2
Th iso

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

Peak Match Tolerance:

Alpha 027

27

System Bkgd 55201
<not performeds

1.

4/4/2013

000E+000 +/- 0.000E+000 liter
7:36:23 AM

4/20/2013 1:50:12 PM

170.0 minutes
170.0 minutes

Th229 TH-18A

0

o O O

.175 MeVv

AC
#ad)3

.232 mL

L1671 +/- 0.0147

.1728 +/- 0.0032 on 12/15/2012 2:27:41 PM
.9670 +/~ 0.0871

-

7 =197

.85E-002
.11E-002
.65E-002
.81E-002
.88E-002

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (kev)
TH-227 5.869 1.81 193.78 1.19 0.00E+000 3.2
TH-228 5.366 2.13 191.21 1.87 0.00E+000 3.2
TH-229 T 4.875 148.15 16.16 0.85 0.00E+000 6.8
TH-230 4.640 3.81 117.33 1.19 0.00E+000 3.2
TH-232 3.924 -0.36 604.15 1.36 0.00E+000 3.2
T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA
Nuclide Conf. (keV) (pCi/liter ) (pCi/liter
TH-227 0.998 5850.00%* 2.95E-002 +/- 5.74E-002 1.07E-001 +/- 1
TH-228 0.994 5400.00%* 3.44E-002 +/- 6.60E-002 1.22E-001 +/- 2
TH-229 1.000 4872.00* 2.36E+000 +/- 4.08E-001 9.54E-002 +/- 1
TH-230 0.995 4672.00%* 6.05E-002 +/- 7.18E-002 1.05E-001 +/- 1
TH-232 0.973 3997.00* -5,71E-003 +/- 3.45E-002 1.09E-001 +/- 1

&

ik
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US EPA ARCHIVE DOCUMENT

_SNpex-

Alpha”

Sample Description: DUP 01 TOT
Spectrum File: \\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00000560
Batch Identification: 1304051A-TH
Sample Identification: 10
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha_ 029
Chamber Serial Number:
Detector Serial Number: 29
Env. Background: System Bkgd 55202
Reagent Blank: <not performeds
Sample Size: 1.000E+000 +/- 0.000E+000 liter
Sample Date/Time: 4/4/2013 7:36:23 AM
Acquisition Date/Time: 4/20/2013 1:50:13 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: Th229 TH-18A
Tracer Quantity: 0.232 mL
Effective Efficiency: 0.1451 +/- 0.0136
Counting Efficiency: 0.1945 +/- 0.0036 on 12/15/2012 2:30:02 PM
Chem. Recovery Factor: 0.7458 +/- 0.0711
Peak Match Tolerance: 0.175 MeVv

————— PEAK AREA REPORT ——-=-

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (kev)
TH-227 5.827 4.15 107.12 0.85 0.00E+000 3.1
TH-228 5.349 4.47 109.71 1.53 0.00E+000 3.1
TH-229 T 4.876 128.66 17.31 0.34 0.00E+000 5.2
TH-230 4.649 10.32 63.32 0.68 0.00E+000 3.1
TH-232 3.897 2.49 138.29 0.51 0.00E+000 3.1

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -----
Id Energy Activity MDA

Nuclide Conf. (keV) (pCi/liter ) (pCi/liter )
TH-227 0.997 5850.00%* 7.78E-002 +/- 8.46E-002 1.12E-001 +/- 2.06E-002
TH-228 0.986 5400.00%* 8.30E-002 +/- 9.23E-002 1.32E-001 +/- 2.42E-002
TH-229 1.000 4872.00%* 2.36E+000 +/- 4.33E-001 8.77E-002 +/- 1.61E-002
TH-230 0.997 4672.00%* 1.89E-001 +/- 1.24E-001 1.03E-001 +/- 1.89E-002
TH-232 0.949 3997.00%* 4.55E-002 +/- 6.34E-002 9.58E-002 +/- 1.76E-002
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= Apex-Alpha
- (i
Sample Description: DUP 01 DIS 77“1~1‘¢ ,
Spectrum File: \\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000560
Batch Identification: 1304051A-TH
Sample Identification: 11
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha 041
Chamber Serial Number: 05026930A
Detector Serial Number: 91087
Env. Background: System Bkgd 55211
Reagent Blank: <not performed>
Sample Size: 1.000E+000 +/- 0.000E+000 liter
Sample Date/Time: 4/4/2013 7:36:23 AM
Acquisition Date/Time: 4/20/2013 2:11:33 PM
Acquisition Live Time: 170.0 minutes
h Acquisition Real Time: 170.0 minutes
z Tracer Certificate: Th229 TH-18A
ll‘ Tracer Quantity: 0.229 mL
Effective Efficiency: 0.2003 +/- 0.0164
z Counting Efficiency: 0.1978 +/- 0.0034 on 12/16/2012 5:49:31 PM
Chem. Recovery Factor: 1.0124 +/- 0.0846
: Peak Match Tolerance: 0.175 MeV
o ————— PEAK AREA REPORT = -----
n Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (kev)
m TH-227 5.766 -0.19 1131.1 1.19 0.00E+000 3.0
> TH-228 5.280 0.49  416.98 0.51  0.00E+000 3.0
TH-229 T 4.873 175.49 14 .82 0.51 0.00E+000 9.0
H TH-230 4.650 7.81 76.13 1.19 0.00E+000 3.0
: TH-232 3.948 -2.89 82.82 2.89 0.00E+000 0.0
U T = Tracer Peak used for Effective Efficiency
< ————— NUCLIDE ANALYSIS RESULTS  -----
Id Energy Activity MDA
{ Nuclide Conf. (keV) (pCi/liter ) (pCi/liter )
n TH-227 0.964 5850.00*% -2.,58E-003 +/- 2.92E-002 8.95E-002 +/- 1.43E-002
TH-228 0.927 5400.00%* 6.59E-003 +/- 2.75E-002 7.06E-002 +/- 1.13E-002
m TH-229 1.000 4872 .00%* 2.33E+000 +/- 3.74E-001 6.98E-002 +/- 1.12E-002
TH-230 0.998 4672.00%* 1.04E-001 +/- 8.05E-002 8.73E-002 +/- 1.40E-002
m. TH-232 0.988 3997.00*% -3.82E-002 +/- 3.22E-002 1.16E-001 +/- 1.86E-002
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US EPA ARCHIVE DOCUMENT

‘__—:7-*“—;-%Apex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:
Tracer Quantity:

Alpha”

DUP 02 TOT

\\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00000560

1304051A-TH
12

Shelf 2

Th iso

Alpha 042
05026930B

84185

System Bkgd 552

12

<not performeds

1.000E+000 +/
4/4/2013
4/20/2013

Th229 TH-18A
0.233 mL

7=
l// 22/ 13

0.000E+000 liter
7:36:23 AM
2:11:34 PM
170.0 minutes
170.0 minutes

-

<

Effective Efficiency: 0.1040 +/- 0.0113
Counting Efficiency: 0.1846 +/- 0.0032 on 12/16/2012 5:49:29 PM
Chem. Recovery Factor: 0.5632 +/- 0.0621
Peak Match Tolerance: 0.175 MeV

----- PEAK AREA REPORT -—---

Energy Net Pk Area Ambient Reagent FWHM
Nuclide {MeV) Pk Area Error % Backgnd Backgnd (keV)
TH-227 5.904 1.66 169.38 0.34 0.00E+000 3.0
TH-228 5.342 3.98 112.01 1.02 0.00E+000 3.0
TH-229 T 4.868 92.49 20.45 0.51 0.00E+000 5.0
TH-230 4.655 6.83 76.08 0.17 0.00E+000 3.0
TH-232 3.920 2.66 128.85 0.34 0.00E+000 3.0

T = Tracer Peak used for Effective Efficiency
----- NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA

Nuclide Conf (keV) (pCi/liter ) (pCi/liter )
TH-227 0.885 5850.00%* 4.34E-002 +/~- 7.42E-002 1.25E-001 +/- 2.67E-002
TH-228 0.983 5400.00* 1.03E-001 +/- 1.18E-001 1.63E-001 +/- 3.48E-002
TH-229 1.000 4872.00%* 2.37E+000 +/- 5.05E-001 1.34E-001 +/- 2.87E-002
TH-230 0.998 4672.00%* 1.74E-001 +/- 1.38E-001 1.07E-001 +/- 2.27E-002
TH-232 0.970 3997.00%* 6.78E-002 +/- 8.85E-002 1.22E-001 +/- 2.60E-002
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US EPA ARCHIVE DOCUMENT

_SNMpex-Alpha’

AG
YARYS:

G2

Pl

<

Sample Description: DUP 02 DIS L/n—u‘)
Spectrum File: \\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00000560
Batch Identification: 1304051A-TH
Sample Identification: 13
Sample Geometry: Shelf 2
Procedure Description: Th iso
Detector Name: Alpha_ 044
Chamber Serial Number: 04026481B
Detector Serial Number: 84168
Env. Background: System Bkgd 55214
Reagent Blank: <not performeds
Sample Size: 1.000E+000 +/- 0.000E+000 liter
Sample Date/Time: 4/4/2013 7:36:23 AM
Acquisition Date/Time: 4/20/2013 2:11:30 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Tracer Certificate: Th229 TH-18A
Tracer Quantity: 0.232 mL
Effective Efficiency: 0.1802 +/- 0.0153
Counting Efficiency: 0.1902 +/- 0.0033 on 12/16/2012 5:49:26 PM
Chem. Recovery Factor: 0.9478 +/- 0.0822
Peak Match Tolerance: 0.175 MeV

----- PEAK AREA REPORT -

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
TH-227 5.841 0.49 416.98 0.51 0.00E+000 3.0
TH-228 5.242 0.83 239.53 0.17 0.00E+000 3.0
TH-229 T 4.864 159.83 15.51 0.17 0.00E+000 4.8
TH-230 4.696 10.00 65.01 0.00 0.00E+000 3.0
TH-232 3.947 0.00 1960.0 0.00 0.00E+000 0.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS ——---
Id Energy Activity MDA

Nuclide Conf. (keV) (pCi/liter ) (pCi/liter )
TH-227 1.000 5850.00%* 7.40E-003 +/- 3.09E-002 7.92E-002 +/- 1.32E-002
TH-228 0.877 5400.00%* 1.24E-002 +/~- 2.98E-002 6.24E-002 +/- 1.04E-002
TH-229 1.000 4872.00* 2.36E+000 +/- 3.93E-001 6.17E-002 +/- 1.03E-002
TH-230 0.997 4672.00%* 1.47E-001 +/- 9.88E-002 8.83E-002 +/- 1.47E-002
TH-232 0.987 3997.00%* 0.00E+000 +/- 4.08E-002 8.82E-002 +/- 1.47E-002
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US EPA ARCHIVE DOCUMENT

___—____—.%Apex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

Peak Match Tolerance:

Alpha™

FB AT PZ-110-SS TOT

\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000560

1304051A-TH
14

Shelf 2

Th iso

Alpha 046
04026482B

58762

System Bkgd 552

i5

<not performeds

1.000E+000 +/
4/4/2013
4/20/2013

Th229 TH-18A
0.232 mL

.1051 +/- 0.0114

0
0.1789 +/- 0.0031 on 12/16/2012
0

.5871 +/- 0.0647

0.175 MeVv

0.000E+000 liter
7:36:23 AM
2:11:31 PM
170.0 minutes
170.0 minutes

Net Pk Area

Nuclide (MeV)

Pk Area Error

5.83 82.55
93.00 20.43
5.83 82.55

)

5

Ambient

Backgnd

0.34
0.17
0.00
0.17
0.51

Id Energy
Nuclide Conf. (kev)
TH-227 0.983 5850.00%* 9.48E-002
TH-228 0.976 5400.00%* 1.50E-001
TH-229 1.000 4872.00%* 2.36E+000
TH-230 1.000 4672.00%* 1.47E-001
TH-232 0.993 3997.00%* 3.76E-002

Activity
(pCi/liter )

1.04E-001
1.27E-001
5.02E-001
1.26E-001
7.19E-002

AG
H 2213

1.24E-001
1.07E-001
1.52E-001
1.05E-001
1.32E-001

5:49:23 PM
Reagent FWHM
Backgnd (keV)
.00E+000 3.0
.00E+000 3.0
.00E+000 5.0
.00E+000 3.0
.00E+000 3.0

MDA

.64E-002
.28E-002
.24E-002
.25E-002
.82E-002
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US EPA ARCHIVE DOCUMENT

_ZApex-Alpha’

FB AT PZ-110-8S DIS
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000560
1304051A-TH
15
Shelf 2
Th iso

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:
Tracer Quantity:
Effective Efficiency:
Counting Efficiency:
Chem. Recovery Factor:

Peak Match Tolerance:

Alpha 047
02030596A

91086

System Bkgd 55216
<not performeds>

1.

4/4/2013

000E+000 +/~ 0.000E+000 liter
7:36:23 AM

4/20/2013  2:11:27 PM

170.0 minutes
170.0 minutes

Th229 TH-18A

0

.175 MeV

Nuclide {(MeV)

Net Pk Area Ambient Reagent
Pk Area Error % Backgnd Backgnd
2.00 169.74 0.00 0.00E+000
0.83 239.53 0.17 0.00E+000
124.83 17.56 0.17 0.00E+000
13.66 53.890 0.34 0.00E+000
-0.34 592.90 0.34 0.00E+000

Id Energy
Nuclide Conf (keV)
TH-227 0.972 5850.00%*
TH-228 0.980 5400.00%*
TH-229 0.999 4872.00%*
TH-230 0.995 4672.00%*
TH-232 0.988 3997.00%*

Activity
(pCi/liter )

3.73E-002 +/- 6.37E-002 1.12E-001
1.53E-002 +/- 3.68E-002 7.71E-002
2.28E+000 +/- 4.23E-001 7.61E-002
2.49E-001 +/- 1.41E-001 8.70E-002
6.17E-003 +/- 3.66E-002 8.68E-002

AG
Y[2s(r3

MDA

.224 nL

.1459 +/- 0.0138

.1822 +/- 0.0032 on 12/16/2012 5:49:21 PM
.8010 +/- 0.0772

.08E-002
.43E-002
.41E-002
.62E-002
.61E-002

e
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US EPA ARCHIVE DOCUMENT

_Npex-Alpha’

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

MW-103 TOT

\\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00000560

1304051A-TH

16

Shelf 2
Th iso

Alpha_ 048
02030596B

83111

System Bkgd 55217
<not performed>

1.
4/5/2013

000E+000 +/- 0.000E+000 liter
7:36:23 AM

4/20/2013 2:11:28 PM

170.0 minutes
170.0 minutes

Th229 TH-18A

AG
a2/

.78E-003
.39E-002
.57E-003
.54E-003
.52E-003

Tracer Quantity: 0.232 mL
Effective Efficiency: 0.1894 +/- 0.0158
Counting Efficiency: 0.1680 +/- 0.0030 on 12/16/2012 5:49:20 PM
Chem. Recovery Factor: 1.1276 +/- 0.0959
Peak Match Tolerance: 0.175 MeV

————— PEAK AREA REPORT ————

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keVv)
TH-227 5.842 6.83 76.08 0.17 0.00E+000 3.0
TH-228 5.370 97.15 19.99 0.85 0.00E+000 20.7
TH-229 T 4.871 167.83 15.14 0.17 0.00E+000 17.0
TH-230 4.632 86.83 21.06 0.17 0.00E+000 5.8
TH-232 3.957 84.83 21.31 0.17 0.00E+000 6.9

T = Tracer Peak used for Effective Efficiency
----- NUCLIDE ANALYSIS RESULTS ===
Id Energy Activity MDA

Nuclide Conf. (keV) {(pCi/liter ) (pCi/liter
TH-227 1.000 5850.00%* 9.81E-002 +/- 7.64E-002 6.00E-002 +/- 9
TH-228 0.995 5400.00%* 1.38E+000 +/- 3.56E-001 8.51E-002 +/- 1
TH-229 1.000 4872.00% 2.36E+000 +/- 3.85E-001 5.87E-002 +/- 9
TH-230 0.992 4672.00%* 1.22E+000 +/- 3.24E-001 5.85E-002 +/- 9
TH-232 0.991 3997.00* 1.19E+000 +/- 3.18E-001 5.84E-002 +/- 9
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_SNpex-Alpha’ e

Sample Description: MW-103 DIS Vﬂ"/”’"
Spectrum File: \\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00000560

Batch Identification: 1304051A-TH

Sample Identification: 17

Sample Geometry: Shelf 2

Procedure Description: Th iso

Detector Name: Alpha 003

Chamber Serial Number:
Detector Serial Number: 3

Env. Background: System Bkgd 55191
Reagent Blank: <not performeds
Sample Size: 1.000E+000 +/- 0.000E+000 liter
Sample Date/Time: 4/5/2013 7:36:23 AM
Acquisition Date/Time: 4/21/2013 2:27:41 PM
Acquisition Live Time: 170.0 minutes
h Acquisition Real Time: 170.0 minutes
z Tracer Certificate: Th229_TH-18A
ll‘ Tracer Quantity: 0.232 mL
Effective Efficiency: 0.1379 +/- 0.0133
z Counting Efficiency: 0.1746 +/- 0.0033 on 12/15/2012 11:26:47 AM
Chem. Recovery Factor: 0.7897 +/- 0.0773
: Peak Match Tolerance: 0.175 MeV
o ————— PEAK AREA REPORT = -----
n Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (kev)
ll‘ TH-227 5.863 -1.10 393.09 5.10 0.00E+000 3.0
> TH-228 5.421 -1.23  254.42 3.23  0.00E+000 3.0
TH-229 T 4.875 121.98 17.83 1.02 0.00E+000 5.2
l I TH-230 4.670 5.98 87.78 1.02 0.00E+000 3.0
: TH-232 3.936 3.66 107.87 0.34 0.00E+000 3.0
U‘ T = Tracer Peak used for Effective Efficiency
< ————— NUCLIDE ANALYSIS RESULTS  -----
Id Energy Activity MDA
{ Nuclide Conf. (keV) (pCi/liter ) (pCi/liter )
n TH-227 0.999 5850.00*% -2.17E-002 +/- 8.54E-002 2.12E-001 +/- 3.99E-002
ll‘ TH-228 0.998 5400.00* -2,40E-002 +/- 6.13E-002 1.78E-001 +/- 3.35E-002
TH-229 1.000 4872.00%* 2.36E+000 +/- 4.44E-001 1.22E-001 +/- 2.29E-002
TH-230 1.000 4672.00%* 1.15E-001 +/- 1.03E-001 1.21E-001 +/- 2.28E-002
(f)] TH-232  0.981  3997.00* 7.03E-002 +/- 7.70E-002  9.19E-002 +/- 1.73E-002
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_SNpex-Alpha” .

Sample Description: PZ-200-SS TOT ‘7/'\'7‘!/«)
Spectrum File: \\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00000560

Batch Identification: 1304051A~TH

Sample Identification: 18

Sample Geometry: Shelf 2

Procedure Description: Th iso

Detector Name: Alpha 004

Chamber Serial Number:
Detector Serial Number: 4

Env. Background: System Bkgd 55192

Reagent Blank: <not performeds

Sample Size: 1.000E+000 +/- 0.000E+000 liter
Sample Date/Time: 4/5/2013 7:36:23 AM
Acquisition Date/Time: 4/21/2013 2:27:42 PM
Acquisition Live Time: 170.0 minutes

Acquisition Real Time: 170.0 minutes

Tracer Certificate: Th229 TH-18A

Tracer Quantity: 0.230 mL

Effective Efficiency: .1787 +/- 0.0154

Counting Efficiency: .1940 +/- 0.0036 on 12/15/2012 11:26:46 AM
Chem. Recovery Factor: .9208 +/- 0.0810

O O O

Peak Match Tolerance: 0.175 MeV

Energy Net Pk Area Ambient Reagent FWHM

Nuclide (MeV) Pk Area Error % Backgnd Backgnd (kev)
TH-227 846 5.13 103.36 1.87 0.00E+000 2.9
.25 1703.7 4.25 0.00E+000 2.9

81 15.72 1.19 0.00E+000 3.5

TH-230 .656 9.47 69.45 1.53 0.00E+000 2.9
TH-232 .954 0.64 457.45 1.36 0.00E+000 2.9

Id Energy Activity MDA
Nuclide Conf. (keV) (pCi/liter ) (pCi/liter )
TH-227 1.000 5850.00%* 7.81E-002 +/- 8.18E-002 1.15E-001 +/- 1.94E-002
TH-228 0.997 5400.00%* -3.77E-003 +/- 6.42E-002 1.51E-001 +/- 2.55E-002
TH-229 0.998 4872.00%* 2.34E+000 +/- 3.94E-001 9.82E-002 +/- 1.65E-002
TH-230 0.999 4672.00% 1.41E-001 +/- 1.01E-001 1.06E-001 +/- 1.78E-002
TH-232 0.990 3997.00%* 9.49E-003 +/- 4.34E-002 1.02E-001 +/- 1.71E-002

US EPA ARCHIVE DOCUMENT
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US EPA ARCHIVE DOCUMENT

_Spex-Alpha”

PZ-200-SS DIS
\\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00000560
1304051A-TH
19
Shelf 2
Th iso

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Tracer Certificate:

Alpha_010

10

System Bkgd 55193
<not performeds

1.000E+000 +/-

4/5/2013
4/21/2013

Th229 TH-18A

0.000E+000 liter
7:36:23 AM
2:27:40 PM
170.0 minutes
170.0 minutes

AG
]335

-

Lf”‘L)L4¢~>

Tracer Quantity: 0.232 mL
Effective Efficiency: 0.2122 +/- 0.0169
Counting Efficiency: 0.1967 +/- 0.0036 on 12/15/2012 11:26:40 AM
Chem. Recovery Factor: 1.0785 +/~ 0.0880
Peak Match Tolerance: 0.175 MeV

----- PEAK AREA REPORT ikl

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
TH-227 5.752 5.81 90.53 1.19 0.00E+000 2.9
TH-228 5.322 2.41 226.84 4.59 0.00E+000 2.9
TH-229 T 4.871 188.30 14.36 1.70 0.00E+000 4.0
TH-230 4.665 8.15 72.72 0.85 0.00E+000 2.9
TH-232 3.947 -1.02 208.15 1.02 0.00E+000 0.0

T = Tracer Peak used for Effective Efficiency
————— NUCLIDE ANALYSIS RESULTS -
Id Energy Activity MDA

Nuclide Conf. (keV) (pCi/liter ) (pCi/liter )
TH-227 0.951 5850.00%* 7.45E-002 +/- 6.85E-002 8.45E-002 +/- 1.32E-002
TH-228 0.969 5400.00%* 3.06E-002 +/- 6.96E-002 1.31E-001 +/- 2.05E-002
TH-229 1.000 4872.00%* 2.36E+000 +/- 3.68E-001 9.22E-002 +/- 1.44E-002
TH-230 1.000 4672.00%* 1.02E-001 +/- 7.58E-002 7.49E-002 +/- 1.17E-002
TH-232 0.987 3997.00* -1.27E-002 +/- 2.66E-002 7.87E-002 +/- 1.23E-002
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US EPA ARCHIVE DOCUMENT

Page 1 of 2

_Mpex-Alpha’

QA SUMMARY REPORT

Review Of QA Results - Pulser Check

Date :4/19/2013
Time : 54548 AM

4/19/2013 5:45:48 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 001 21f ALL Not Done
Alpha 002 21f ALL Not Done
Alpha 003 21f ALL Passed 4/19/2013 5:25:30 AM
Alpha 004 21f ALL Passed 4/19/2013 5:25:31 AM
Alpha 005 21f ALL Not Done
Alpha 006 21f ALL Not Done
Alpha 007 21f ALL Not Done
Alpha 008 21f ALL Not Done
Alpha 009 21f ALL Not Done
Alpha 010 21f ALL Passed 4/19/2013 5:25:31 AM
Alpha 011 21f ALL Passed 4/19/2013 5:25:32 AM
Alpha 012 21f ALL Not Done
Alpha 013 21f ALL Passed 4/19/2013 5:25:33 AM
Alpha 014 21f ALL Passed 4/19/2013 5:25:34 AM
Alpha 015 21f ALL Not Done
Alpha 016 21f ALL Not Done
Alpha 017 AIM730 ALL Not Done
Alpha 018 AIM730 ALL Passed 4/19/2013 5:25:35 AM
Alpha 019 AIM730 ALL Not Done
Alpha 020 AIM730 ALL Not Done
Alpha 021 AIM730 ALL Not Done
Alpha 022 AIM730 ALL Passed 4/19/2013 5:25:35 AM
Alpha 023 AIM730 ALL Not Done
Alpha 024 AIM730 ALL Passed 4/19/2013 5:25:36 AM
Alpha 025 AIM730 ALL Passed 4/19/2013 5:25:37 AM
Alpha 026 AIM730 ALL Not Done
Alpha 027 AIM730 ALL Passed 4/19/2013 5:25:38 AM
Alpha 028 AIM730 ALL Not Done
Alpha 029 AIM730 ALL Passed 4/19/2013 5:25:39 AM
Alpha 030 AIM730 ALL Not Done
Alpha 031 AIM730 ALL Not Done
Alpha 032 AIM730 ALL Not Done
Alpha 033 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:40 AM
Alpha 034 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:41 AM
Alpha 035 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:43 AM
Alpha 036 Alpha Analyst100DC ALL Not Done
Alpha 037 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:44 AM
Alpha 038 Alpha Analyst100DC ALL Not Done
Alpha 039 Alpha Analyst100DC ALL Not Done
Alpha 040 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:46 AM
Alpha 041 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:47 AM
Alpha 042 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:49 AM

|
fd

fis

tol



US EPA ARCHIVE DOCUMENT

Page 2 of 2

Review of QA Results - Pulser Check

4/19/2013 5:45:48 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 043 Alpha Analyst100DC ALL Not Done
Alpha 044 Alpha Analyst1060DC: ALL Passed 4/19/2013 5:25:50 AM
Alpha 045 Alpha Analyst100DC ALL Not Done
Alpha 046 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:52 AM
Alpha 047 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:53 AM
Alpha 048 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:55 AM
APPROVED BY:
APPROVAL DATE: A44 5'// >
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Page 1 of 1

_ZApex-Alpha”

QA SUMMARY REPORT
Review Of QA Results - Pulser Check

4/20/2013 10:55:28 AM

Date :4/20/2013
Time :10:55:28 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 003 21f ALL Passed 4/20/2013 10:41:32 AM
Alpha 004 21f ALL Passed 4/20/2013 10:41:33 AM
Alpha 010 21f ALL Passed 4/20/2013 10:41:34 AM
Alpha 011 21f ALL Passed 4/20/2013 10:41:35 AM
Alpha 013 21f ALL Passed 4/20/2013 10:41:36 AM
._ Alpha 014 21f ALL Passed 4/20/2013 10:41:37 AM
Alpha 018 AIM730 ALL Passed 4/20/2013 10:41:38 AM_
z Alpha_022 AIM730 ALL Passed 4/20/2013 10:41:39 AM
Alpha 024 AIM730 ALL Passed 4/20/2013 10:41:39 AM
m Alpha 025 AIM730 ALL Passed 4/20/2013 10:41:40 AM
z Alpha 027 AIM730 ALL Passed 4/20/2013 10:41:41 AM
Alpha 029 AIM730 ALL Passed 4/20/2013 10:41:42 AM
: Alpha 033 Alpha Analyst100DC ALL Passed 4/20/2013 10:41:44 AM
Alpha 034 Alpha Analyst100DC ALL Passed 4/20/2013 10:41:45.AM
(@] [ Alpha 035 Alpha Analyst100DC ALL Passed 47202013 10:41:46 AM
o Alpha 036 Alpha Analysti00DC ALL Passed 4/20/2013 10:41:48 AM
Alpha 037 Alpha Analyst100DC ALL Passed 4/20/2013 10:41:50 AM
a Alpha 038 Alpha Analyst100DC ALL Passed 4/20/2013 10:41:52 AM
Alpha 039 Alpha Analyst100DC ALL Passed 4/20/2013 10:41:54 AM
m Alpha 040 Alpha Analyst!00DC ALL Passed 4/20/2013 10:41:56 AM
Alpha 041 Alpha Analyst100DC ALL Passed 4/20/2013 10:41:58 AM
> Alpha 042 Alpha Analyst100DC ALL Passed 4/20/2013 10:42:00 AM
Alpha 043 Alpha Analyst100DC ALL Passed 4/20/2013 10:42:02 AM
= Alpha 044 Alpha Analyst100DC ALL Passed 4/20/2013 10:42:04 AM
: Alpha 046 Alpha Analyst100DC ALL Passed 472012013 10:42:07 AM
U‘ Alpha 047 Alpha Analyst100DC ALL Passed 4/20/2013 10:42:09 AM
u Alpha 048 Alpha Analyst100DC ALL Passed 4/20/2013 10:42:12 AM
E APPROVED BY: AG
L APPROVAL DATE: "H 20, 13
)]
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Page 1 of 1
4/21/2013 2:12:53 PM

“Apex-Alpha”

QA SUMMARY REPORT
Review Of QA Results - Pulser Check

Date :4/21/2013
Time : 2:12:53 PM

S

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 003 2if ALL Passed 4/21/2013 1:58:57 PM
Alpha_004 21f ALL Passed 4/21/2013 1:58:58 PM
Alpha 010 21 ALL Passed 4/21/2013 1:58:59 PM
Alpha 011 21f ALL Passed 4/21/2013 1:59:00 PM
Alpha 013 21f ALL Passed 4/21/2013 1:59:01 PM
Alpha 014 21f ALL Passed 4/21/2013 1:59:01 PM
Alpha 018 AIM730 ALL Passed 4/21/2013 1:59:02 PM .
Alpha 022 AIM730 ALL Passed 4/21/2013 1:59:03 PM
Alpha 024 AIM730 ALL Passed 4/21/2013 1:59:04 PM
Alpha 025 AIM730 ALL Passed 4/21/2013 1:59:05 PM
Alpha 027 AIM730 ALL Passed 4/21/2013 1:59:06 PM
Alpha 029 AIM730 ALL Passed 4/21/2013 1:59:07 PM
Alpha 033 Alpha Analyst100DC ALL Passed 4/21/2013 1:59:08 PM
Alpha 034 Alpha Analyst100DC ALL Passed 4/21/2013 1:59:09 PM
Alpha 035 Alpha Analyst100DC ALL Passed 4/21/2013 1:59:11 PM
Alpha 037 Alpha Analyst100DC ALL Passed 4/21/2013 1:59:13 PM
Alpha 040 Alpha Analyst100DC ALL Passed 4/21/2013 1:59:14 PM
Alpha 041 Alpha Analyst100DC ALL Passed 4/21/2013 1:59:16 PM
Alpha 042 Alpha Analyst100DC ALL Passed 4/21/2013 1:59:17 PM
Alpha 044 Alpha Analyst100DC ALL Passed 4/21/2013 1:59:19 PM
Alpha 046 Alpha Analyst100DC ALL Passed 4/21/2013 1:59:20 PM
Alpha 047 Alpha Analyst100DC ALL Passed 4/21/2013 1:59:22 PM
Alpha 048 Alpha Analyst100DC ALL Passed 4/21/2013 1:59:24 PM
APPROVED BY: AL

APPROVAL DATE: ‘7‘ / 2 / 15
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Library Listing Report

*************************************************************************
*kk¥k*k

xkhkhkkkhkkhkhdkk

* kkk*

*********************************************************

Nuclide Library Title:

6/12/12

12:16:29 PM

LIBRARY LISTING REPORT

Nuclide Library Description:

Nuclide
Name

TH-227
TH-228
TH-229
TH-230
TH-232

* = key line

TOTALS:

Half-Life
{Seconds)

BN O

.873E+008
.034E+007
.487E+011
.379E+012
.434E+017

5 Nuclides

Enerqgy
(keV )

5850,
5400.
4872.
4672.
3997.

000*
000*
000*
000*
000*

Thorium

Page

Th-227, -228,-229,-230,-232

5

Uncert.

Energy
(keV )

.000
.000
.000
.000
.000

leNoNoNoNe

Energy Lines

97.
98,
99.
99.

100

Yield
Uncert. {Abs.+-)

[eNoNoRoRao

.0000
.0000
.0000
.0000
.0000

1

fri ]

Lot

[
]
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SECTION X

ANALYTICAL DATA (RADIUM-226)



E)EE:E’;E:;} EEEE::; tory 1 :;_ : 2420651 Printed: 4I19/201g ;:;515;?
Run 1
Work Order 040 Fraction | Dost. 4 o “Date Aiiguot

Analysis Code Ra226 01 LCS LCS 04/09/13 00:00 1.0000E+00
Run 02 MBL BLANK 04/09/13 00:00 1.5000E+00
Date Received 4/9/2013 03 DUP FB at PZ-110-SS TOT 42 04/04/13 09:30 1.5000E+00
Lab Deadline 4/30/2013 04 TRG PZ-105-SS TOT 46 04/04/13 15:06 1.5000E+00
Client | Engineering Management Support, Inc. 05 TRG PZ-105-SS DIS 46 04/04/13 15:06 1.5000E+00
Project West Lake OU-1 06 TRG S-10 TOT 42 04/04/13 15:25 1.5000E+00
Report Level 4 07 TRG S-10 DIS 42 04/04/13 15:25 1.5000E+00
Activity Units pCi 08 TRG LR-104 TOT 45 04/04/13 15:52 1.5000E+00
Aliquot Units | 09 TRG LR-104 DIS 45 04/04/13 15:52 1.5000E+00
Matrix WA 10 TRG DUP 01 TOT 48 04/04/13 00:00 1.5000E+00
Method EPA 903.0 Modified 11 TRG DUP 01 DIS 48 04/04/13 00:00 1.5000E+00
Instrument Type |  Alpha Spectroscopy 12 TRG DUP 02 TOT 43 04/04/13 00:00 1.5000E+00
Radiometric Tracer Ba-133 13 TRG DUP 02 DIS 43 04/04/13 00:00 1.5000E+00
Radiometric Sol# Ba-6a 14 DO FB at PZ-110-SS TOT 42 04/04/13 09:30 1.5000E+00
Tracer Act (dpm/g) 1010.693 15 TRG FB at PZ-110-SS DIS 42 04/04/13 09:30 1.5000E+00
Carrier 16 TRG MW-103 TOT 48 04/05/13 09:50 1.5000E+00
Carrier Conc (mg/ml) 17 TRG MW-103 DIS 48 04/05/13 09:50 1.5000E+00
18 TRG PZ-200-SS TOT 37 04/05/13 11:10 1.5000E+00
19 TRG PZ-200-SS DIS 37 04/05/13 11:10 1.5000E+00

el
Ll

g OAF1is used for.Gross Alpha arid-all other radionuclides. SAF2 is‘'used for Gross:Beta only.

21

=**Actual mass exceeded the calibration curve range. -Results should be qualified as appropriate.




Eberline Services 13-04051 Printed: 4/19/2013 12:55 PM

analysis shaat Ra226 regez et
Run 1
Internal Sample Tracer Tracer Total Radiometric Radiometric | Grav Carrier Grav Filter Grav Filter Grav Filter Grav Mean SAF SAF
Fraction | Desc | Aliquot (g) ACT (dpm) Tracer (pCi) %Rec | Added (ml) Tare (g) Final (g) Net (g) % Rec % Rec 1" 2*
01 LCS 0.9204 930.2 425.4 101.52 0.0225 0.0279 0.0054 101.52| 1.91 1.00
L 02 MBL 0.9109 920.6 417.4 100.65 0.0224 0.0281 0.0057 100.65| 2.04 1.00
03 DUP 0.9127 922.5 387.4 93.23 0.0223 0.0272 0.0049 93.23| 1.66 1.00
04 TRG 0.9095 919.2 362.8 87.62 0.0224 0.0279 0.0055 8762 1.95 1.00
05 TRG 0.9069 916.6 366.0 88.65 0.0229 0.0284 0.0055 88.65 1.95 1.00
06 TRG 0.8979 907.5 298.3 72.97 0.0229 0.0271 0.0042 7297 1.25 1.00
07 J TRG 0.9032 912.9 393.7 95.74 0.0228 0.0278 0.0050 9574, 1.71 1.00
08 TRG 0.9036 913.3 358.7 87.19 0.0228 0.0293 0.0065 87.19 2.34 1.00
09 TRG 0.9058 915.5 391.1 94.84 0.0224 0.0279 0.0055 9484 1.95 1.00
10 TRG 0.8975 907 .1 3904 95.55 0.0228 0.0287 0.0059 9555 212 1.00
11 TRG 0.9049 9146 344.0 83.50 0.0225 0.0281 0.0056 83.50| 2.00 1.00
12 TRG 0.9032 912.9 366.0 89.01 0.0230 0.0292 0.0062 89.01| 2.23 1.00
13 TRG 0.9021 911.7 369.8 90.04 0.0229 0.0289 0.0060 90.04, 2.16 1.00
14 DO 0.9028 912.5 352.6 85.79 0.0229 0.0274 0.0045 85.79, 1.43 1.00
15 TRG 0.9009 910.5 351.7 85.75 0.0227 0.0273 0.0046 85.75| 1.49 1.00
16 TRG 0.9040 913.7 398.7 96.87 0.0227 0.0285 0.0058 96.87| 2.08 1.00
17 TRG 0.9061 915.8 404 1 97.96 0.0230 0.0288 0.0058 97.96! 2.08 1.00
18 TRG 0.9030 912.7 292.5 71.15 0.0225 0.0291 0.0066 71.15( 2.37 1.00
19 TRG 0.9015 911.1 391.8 95.46 0.0228 0.0308 0.0080 9546 2.77 1.00
Lol

il * SAF1:is used for Gross‘Alpha and all other radionuclides. SAF2 is used forGross Beta:only. = ** Actual mass exceeded the calibratiofi.curve range.’ Results should be qualified as appropriate.



EEE:%E EE.EE:; tory 1 ‘;_ :;2%51 Printed: 4119/2013 ;;535;!\2
Run 1
Internal | Sample Rough Prep Rough Prep Prep Prep Sep t0 Sep t0 Sep t1 Sep t1
Fraction | Desc Date By Date By Date/Time By Date/Time By
01 LCS 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
02 MBL 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
03 DUP 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
04 TRG 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
05 TRG 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
06 TRG 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
07 TRG 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
08 TRG 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
| 09 TRG 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
10 TRG 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
11 TRG 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
12 TRG 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
13 TRG 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
14 DO 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
15 TRG 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
16 TRG 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
17 TRG 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
18 TRG 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER
19 TRG 04/16/13 08:03 | JBARNARD | 04/18/13 12:49 | LWALKER

g2y
Ll

3 * SAEtis.used for Gross Alpha and all other radionuclides. SAF2 is-used for Gross:Beta only.

fanke

** Actual mass exceeded the calibration:curve range.. Results should be qualified as appropriate. -« s




Eberline Services

Preliminary Data Report & Analytical Calculations

Printed: 4/22/2013 9:00 AM

Oak Ridge Laboratory . Page 1 of 3
Work Order: 13-04051-Ra226-1
Lab Sample Client ! Activity LCs Lcs LCS RPD MDA Blank
Fraction Nuctide Desc Identification Units Results Error Estimate MDA Known %R Flag Flag Flag Flag
01 RA-226 LCS LCS pCifl 1.06E+01] 1.15E+00| 1.71E-01| 1.03E+01| 102.89 OK OK
02 RA-226 MBL BLANK pCi/ 1.25E-01| 1.25E-01| 1.73E-01 OK OK
§ L el P A ————— o e
&
03 RA-226 pup FB at PZ-110-SS TOT pCifl -2.54E-02| 4.27E-02] 1.51E-01 INV OK
04 RA-226 TRG PZ-105-SS TOT pCill 1.79E+00| 4.03E-01| 1.36E-01 OK
g O
8 N 05 RA-226 TRG P2-105-SS DIS pcin 1.22E+00| 3.34E-01| 1.70E-01 OK
2 N
1’4
< © 06 RA-226 TRG $-10 TOT pCill 3.08E-02| 5.43E-02| 9.80E-02 OK
R 4
07 RA-226 TRG $-10 DIS pCiN 8.47E-03| 3.53E-02| 9.07E-02 OK
$ 08 RA-226 TRG LR-104 TOT pCill 6.30E-01| 2.52E-01| 1.22E-01 OK
Y
o ..............
§ 09 RA-226 TRG LR-104 DIS pCill 3.88E-01| 1.75E-01| 1.04E-01 OK
-
7]
3 N 10 RA-226 TRG DUP 01 TOT pCill 3.19E-01| 1.88E-01| 1.15E-01 OK
E -
LY
'fg’ 11 RA-226 TRG DUP 01 DIS pCilt 1.93E-01| 1.32E-01| 1.06E-01 OK
S
§ 12 RA-226 TRG DUP 02 TOT pCit 4.50E-01| 2.08E-01 1.69E-01 OK
2 13 RA-226 TRG DUP 02 DIS pCin 1.22E-01; 1.11E-01] 1.29E-01 OK
E’ 14 RA-226 Do FB at PZ-110-SS TOT pCifl 1.21E-01| 8.61E-02| 6.46E-02 OK
o
Q
a 15 RA-226 TRG FB at PZ-110-SS DIS pCilt 3.14E-02| 4.79E-02| 7.16E-02 OK
c
® g 16 RA-226 TRG MW-103 TOT pcCin 7.77€-01| 2.53E-01| 1.17E-01 OK
& Q
= o
© g 17 RA-226 TRG MW-103 DIS pCilt 2.42E-01] 1.46E-01] 9.32E-02 OK
[\]
-]
=2 18 RA-226 TRG PZ-200-SS TOT pCill 2.44E+00| 5.76E-01| 2.48E-01 OK
§ 19 RA-226 TRG PZ-200-SS DIS pCill 1.84E+00| 4.46E-01| 2.17E-01 OK
D
o
11
o]
70
Fad

fud




Eberline Services Preliminary Data Report & Analytical Calculations Printed: 4/22/2013 9:00 AM
Oak Ridge Laboratory . ‘ Page 2 of 3
Work Order: 13-04051-Ra226-1
Lab . Sample Sample Sample Radiometric Grav Mean Sep t0 Sep t1
Fraction Nuclide Desc Date X Aliquot % Rec % Rec ; % Rec SAF Date/Time Date/Time
01 RA-226 | Les 04/09/13 00:00 1.00E+00 100.00 o.oof: 101.52 4/18/2013 12:49
] R _ ~
. 02 RA-226 | mBL 04/09/13 00:00 1.50E+00 100.00 o.oo‘? 100.65 4/18/2013 12:49
é F — ]
03 RA-226 DUP 04/04/13 09:30 1.50E+00 93.23 0.00 93.23 4/18/2013 12:49
04 RA-226 TRG 04/04/13 15:06 1.50E+00 87.62 0.00 87.62 4/18/2013 12:49
.g w ____________ - — SN B . — S
S ﬁ 05 . RA-226 TRG 04/04/13 15:06 1.50E+00 88.65 0.00 88.65 4/18/2013 12:49
K RS R NN IS (U R S —
[
= © 06 RA-226 TRG 04/04/13 15:25 1.50E+00 72.97 0.00 72.97 4/18/2013 12:49
LN 4 ~ :
07 RA-226 TRG 04/04/13 15:25 1.50E+00 95.74 0.00 95.74 4/18/2013 12:49
% 08 RA-226 TRG 04/04/13 15:52 1.50E+00 87.19 0.00 87.19 4/18/2013 12:49
A
o
§ 09 RA-226 TRG 04/04/13 15:52 1.50E+00 94.84 0.00 94.84 4/18/2013 12:49
[ T - ]
,g 1 0 RA-226 TRG 04/04/13 00:00 [ 1.50E+00 95.55 0.00 95.55 4/18/2013 12:49
2 S R I [ SN S
D
E 1 1 RA-226 TRG 04/04/13 00:00 1.50E+00 b 83.50 0.00 83.50 4/18/2013 12:49
g
8 12 RA-226 TRG 04/04/13 00:00 1.50E+00 89.01 0.00 89.01 4/18/2013 12:49
g 13 RA-226 TRG 04/04/13 00:00 1.50E+00 90.04 0.00 90.04 4/18/2013 12:49
5 14 RA-226 DO 04/04/13 09:30 1.50E+00 85.79 0.00 85.79 4/18/2013 12:49
=3
(=%
a 15 RA-226 TRG 04/04/13 09:30 1.50E+00 85.75 0.00 85.75 4/18/2013 12:49
L
=| |
x g 16 RA-226 TRG 04/05/13 09:50 1.50E+00 96.87 0.00 96.87 4/18/2013 12:49
(7} (] —— -
= (=2}
© 2 17 RA-226 TRG 04/05/13 09:50 1.50E+00 97.96 0.00 97.96 4/18/2013 12:49
-]
s
> 18 RA-226 TRG 04/05/13 11:10 1.50E+00 71.15 0.00 71.15 4/18/2013 12:49
‘=
| [
% e 19 RA-226 TRG 04/05/13 11:10 1.50E+00 95.46 0.00 95.46 4/1812013 12:49
‘B e _—
c
15]
b
Lad
Ry



Eberline Services

Oak Ridge Laboratory

Preliminary Data Report & Analytical Calculations

Work Order: 13-04051-Ra226-1

Printed: 4/22/2013 9:00 AM

Lab . Sample Counting Halftife . Count Bkg
Fraction Nuctide Desc Date/Time (days) Detect Carrier Time Counts CcPM Eff
i 01 RA-226 LCS 04/19/13 14:39 A_Spec |Alpha_018 170|3.73 E+02 [5.00 E-03 17.8
02 RA-226 MBL 04/19/13 14:39 A_Spec |Alpha_022 170!6.30 E+00 |1.00 E-02 15.3
é F S, — SRR UUTS S S
03 RA-226 DUP 04/19/13 14:39 A_Spec |Alpha_024 170/-1.38 E+00 [1.40 E-02 17.1
04 RA-226 TRG 04/19/13 14:39 A_Spec |Alpha_025 170/7.92 E+01 |5.00 E-03 17.4
3 ©
S m 05 RA-226 TRG 04/19/13 14:39 A_Spec |Alpha_027 170{6.41 E+01 [1.10 E-02 17.3
0 — : e
(%]
2 (C 06 RA-226 TRG 04/19/13 14:39 A_Spec |Alpha_029 170|1.98 E+00 |6.00 E-03 19.5
s X
07 RA-226 TRG 04/19/13 15:00 A_Spec |Alpha_033 170/4.90 E-01  [3.00 E-03 18.2
3 08 RA-226 TRG 04/19/13 15:00 A_Spec |Alpha_034 170/2.47 E+01  |2.00 E-03 18.6
<
5 ;
§ 09 RA-226 TRG 04/19/13 15:00 A_Spec |Alpha_035 170/1.95 E+01 |3.00 E-03 18.3
= S S
g 10 RA-226 TRG 04/19/13 15:00 A_Spec |Alpha_037 170/1.45 E+01 |3.00 E-03 17.8
@
E 11 RA-226 TRG 04/19/13 15:00 A_Spec |Alpha_040 170/8.66 E+00 |2.00 E-03 19
é 12 RA-226 TRG 04/19/13 15:00 A_Spec |Alpha_041 170/2.01 E+01 [1.10 E-02 19.8
2 13 RA-226 TRG 04/19/13 15:00 A_Spec |Alpha_042 170|5.32 E+00 |4.00 E-03 18.5
E 14 RA-226 Do 04/19/13 15:00 A_Spec |Alpha_044 170(7.83 E+00 (1.00 E-03 19
o
& —
a 15 RA-226 TRG 04/19/13 15:00 A_Spec |Alpha_046 170{1.83 E+00 |1.00 E-03 17.9
c
® “E’ 16 RA-226 TRG 04/19/13 15:00 A_Spec |Alpha_047 170{3.73 E+01 (4.00 E-03 18.2
& Q
= o
o g 17 RA-226 TRG 04/19/13 15:00 A_Spec |Alpha_048 170/1.08 E+01 [1.00 E-03 16.8
1]
S ]
> 18 RA-226 TRG 04/20/13 13:48 A_Spec |Alpha_003 170/7.23 E+01 |1.00 E-02 17.5
Q
@ 19 RA-226 TRG 04/20/13 13:48 A_Spec |Alpha_004 170{6.96 E+01 |1.40 E-02 19.4
=)
&
|
Lad

il
=18
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Count Room Report

13-04051-Ra226-1 (pCi/l) in WA

Printed: 4/19/2013 12:55 PM

Client: Engineering Management Su Tracer ID: Ba-6a Pageof
a s
Internal Sample Client Sample Sample Tracer Tracer Radiometric Radiometric SAF SAF
Fraction Desc D Date Aliquot Aliquot (g) ACT (dpm) Tracer (pCi) % Rec 1* 2*

01 LCS LCS 04/09/13 00:00 1.0000 0.9204 930.2418 4254000 | 10152 | 1.91 | 1.00

02 MBL BLANK 04/09/13 00:00 1.5000 0.9109 920.6403 417.4000 | 100.65 | 2.04 | 1.00

03 DUP FB at PZ-110-SS TOT . 04/04/13 09:30 1.5000 0.9127 922.4595 387.4000 93.23 | 1.66 1.00

04 TRG PZ-105-SS TOT 04/04/13 15:06 1.5000 0.9095 919.2253 362.8000 8762 | 1.95 | 1.00

05 TRG PZ-105-SS DIS 04/04/13 15:06 1.5000 0.9069 916.5975 366.0000 8865 | 1.95 | 1.00

06 TRG S-10 TOT 04/04/13 15:25 1.5000 0.8979 907.5012 298.3000 7297 | 125 | 1.00

- 07 TRG S-10 DIS 04/04/13 15:25 1.5000 0.9032 912.8579 393.7000 9574 | 1.71 | 1.00

08 TRG LR-104 TOT 04/04/13 15:52 1.5000 0.9036 913.2622 358.7000 87.19 | 2.34 | 1.00

09 TRG LR-104 DIS 04/04/13 15:52 1.5000 0.9058 915.4857 391.1000 9484 | 195 | 1.00

g’ 10 TRG DUP 01 TOT 04/04/13 00:00 1.5000 0.8975 907.0970 390.4000 9555 | 212 | 1.00

«‘Z’ 11 TRG DUP 01 DIS 04/04/13 00:00 1.5000 0.9049 914.5761 344.0000 83.50 | 2.00 | 1.00

12 TRG DUP 02 TOT 04/04/13 00:00 1.5000 0.9032 912.8579 366.0000 89.01 | 223 | 1.00

13 TRG DUP 02 DIS 04/04/13 00:00 1.5000 0.9021 911.7462 369.8000 90.04 | 216 | 1.00

14 DO FB at PZ-110-SS TOT 04/04/13 09:30 1.5000 0.9028 912.4536 352.6000 85.79 | 143 | 1.00

15 TRG FB at PZ-110-SS DIS 04/04/13 09:30 1.5000 0.9009 910.5333 351.7000 85.75 | 149 | 1.00

16 TRG MW-103 TOT 04/05/13 09:50 1.5000 0.9040 913.6665 398.7000 96.87 | 2.08 1.00

17 TRG MW-103 DIS 04/05/13 09:50 1.5000 0.9061 915.7889 404.1000 97.96 | 2.08 | 1.00

N 18 TRG PZ-200-SS TOT 04/05/13 11:10 1.5000 0.9030 912.6558 292.5000 71.15 | 2.37 | 1.00

"’) 19 TRG PZ-200-SS DIS 04/05/13 11:10 1.5000 0.9015 911.1397 391.8000 9546 | 277 | 1.00
it
Lad

By
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Eberline Services
Oak Ridge Laboratory

Spike and Tracer Worksheet

Page 1 of 1
Printed: 4/16/2013 8:03 AM

Internal Work Order Run Analysis Code Date Technician Technician Initials Witness Initials
Ra226 4/16/2013 8:02 JBARNARD
"LCS & Matrix Spikes "LCS | wmS LCSD_| MSD [ i MS ~LCSD mMSD |
Isotope Sol # Activity Solution APP.I?X Volume Volume Volume Volume v Efror Adde.d E{ror Knov!m Efror Addt?d Efror
dpm/g Date Addition Used (g} Used (g} Used (g) Used (g) pCi Estimate pCi Estimate pCi Estimate pCi Estimate
Ra-226 Ra-5b 44.072; 4/16/2013 0.500f . 0‘.5205 k 10.33 0.475 0.004 0.000 0.00 0.000 0.00 0.000
" Tracers ; - Balance Printer Tapes.
fraction Isotope Sol # /L‘;:Z/';y Sc;;’;:’:" :: ‘Z:::; Tracer LCS
01 Ba-133 Ba-6a 1010.693| 4/16/2013} - 1.0000
02 Ba-133 Ba-6a 1010.693| 4/16/2013 : [ 1.0000
03 Ba-133 Ba-6a 1010.693) 4/16/2013; 1.0000 | a. Spes = ,
04 Ba-133 Ba-6a 1010.693| 4/16/2013} 1.0000
05 Ba-133 Ba-6a 1010.693| 4/16/2013 100(;
06 Ba-133 Ba-6a 1010.693 4/16/2013- 1.0000
i 07 Ba-133 Ba-6a 1010.693| 4/16/2013 1066(7
08 Ba-133 Ba-6a 1010.693| 4/16/2013| 1.0000 R
09 Ba-133 Ba-6a 1010.693| 4/16/2013 1.0000 HeTine g
10 Ba-133 Ba-6a 1010.693| 4/16/2013 1.0000 B mMatnix Spike
1 Ba-133 Ba-6a 1010.693| 4/16/2013 : 1.(;(;60h
12 Ba-133 Ba-6a 1010.693 4/‘16/2013,r o 1.0000
13 Ba-133 Ba-6a 1010.693| 4/16/2013 1.0v0(;(‘)_~
14 Ba-133 | Ba®a 1010.693| 4/16/2013]- 1.0000 -
15 Ba-133 Ba-6a 1010.693| 4/16/2013} 1.0000 ;
i 16 Ba-133 Ba-6a 1010.693 4/16/2013| 1.(56—(;“ ﬂ::j
17 Ba-133 Ba-6a 1010.693| 4/16/2013 f‘ 0.9 1.0000 El
18 Ba-133 Ba-6a 1010.693| 4/16/2013 ;‘ ;.0000
19 Ba-133 | Ba6a 1010.693| 4/16/2013| 1.0000 |
73]
f#¥ Version 2.0 08/99
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Eberline Analytical

- Printed: 4/16/2013 8:10 AM
Oak Ridge Laboratory AIIqUOt WO rKSheet Page 1 of 1
Work Order Run | Analysis Code Rpt Units iL.ab Deadline Technician
Ra226 liters 4/30/2013 JBARNARD
Lab Engineering Management Support, Inc. Sample Muffle Data Dilution Data Allquot Data MS Aliquot Data H-3 Solids Only
Fraction Ratio e a0 e : ) : Water Added H3 Dist
Client ID Type Post/Pre - No of Dils .Dil Factor. Aligquot -Net Equiv Aliquot NetEquiv (mi) Alig
01 LCS LCcS ‘ ‘ ‘ L 1.0000E+00 - * 1.0000E+00 o
02 BLANK MBL 1.5000E+00] - 1.5000E+00
03 FB at PZ-110-SS TOT DUP 1.5000E+00 ‘1,,500,0E+OO1
04 PZ-105-SS TOT TRG 1.5000E+00| 1.5000E+00|
05 PZ-105-S$ DIS TRG 1.5000E+00] ~ 1.5000E+00|
06 $-10 TOT TRG 1.5000E+00|  -1.5000E+00
07 $-10 DIS TRG 1.5000E+00| . 1.5000E+00
08 LR-104 TOT TRG | 1.5000E+00| _1.5000E+00
09 LR-104 DIS TRG 1.5000E+00[ - 1.5000E+00
10 DUP 01 TOT TRG 1.5000E+00| ~ 1.5000E+00
1 DUP 01 DIS TRG 1.5000E+00} . '1.5000E+00,
12 DUP 02 TOT TRG 1.5000E+00f - 1.5000E+00]
13 DUP 02 DIS TRG 1.5000E+00} - 1.5000E+00]
14 FB at PZ-110-SS TOT Do 1.5000E+00} - 1.5000E+00]
15 FB at PZ-110-SS DIS TRG 1.5000E+00]  1.5000E+00
16 MW-103 TOT TRG 1.5000E+00| 1.5000E+00
17 MW-103 DIS TRG 1.5000E+00]| 1.5000E+00
18 PZ-200-SS TOT TRG ~1.5000E+00|- - 1.5000E+00
19 PZ-200-SS DIS TRG ~ 1.5000E+00]  1.5000E+00)
Comments
Y

t»¥ Technician:

ﬁ"‘ﬂl
nﬁ&#
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Eberline Services - Oak Ridge

Version 1.0 9/1999

Gravimetric Worksheet

Printed: 4/18/2013 2:53 PM
Page 1 of 1

Work Order Run Analysis Gravimletric Carrier Conc Technician
Code Carrier {mgimi}
Ra226 LWALKER
TRetec | Engineering Management Support, inc.| Sample | Carrier Data Filter Data Gravimetric
Carrier Added Filter Tare Filter Final _ FilterNet | = %
Fraction Client ID Type (ml) (9) (9) g
01 LCS LCS 0.0225 0.0279 . - #
02 BLANK MBL 0.0224 0.0281 3
03 DUP DUP 0.0223 0.0272 |
04 PZ-105-SS TOT TRG 0.0224 0.0279
05 PZ-105-SS DIS TRG 0.0229 0.0284
06 S-10 TOT TRG 0.0229 0.0271
07 S-10 DIS TRG 0.0228 0.0278
08 LR-104 TOT TRG 0.0228 0.0293
09 LR-104 DIS TRG 0.0224 0.0279
10 DUP 01 TOT TRG 0.0228 0.0287
11 DUP 01 DIS TRG 0.0225 0.0281
12 DUP 02 TOT TRG 0.0230 0.0292
| 13 DUP 02 DIS TRG 0.0229 0.0289 |
14 FB at PZ-110-SS TOT DO 0.0229 0.0274 | -
15 FB at PZ-110-SS DIS TRG 0.0227 0.0273 |
16 MW-103 TOT TRG 0.0227 0.0285 |
17 MW-103 DIS TRG 0.0230 0.0288 |
18 PZ-200-SS TOT TRG N 0.0225 0.0291 |
19 PZ-200-SS DIS TRG 0.0228 0.0308 |

Technician /%

</

)LDQMDL) Date: ‘// /8, /3




US EPA ARCHIVE DOCUMENT

_ENpex-Alpha”

SPIKE
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000560
1304051A-RA

o1

Shelf 2

Ra

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:

Chamber Serial Number:
Detector Serial Number:
Env. Background:
Reagent Blank:

Sample Size:

Alpha 018

18
System Bkgd 55197
<not performeds

1.000E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 1.910E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 4/19/2013 12:49:50 PM
Acquisition Date/Time: 4/19/2013 2:39:26 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Chem. Recovery Factor: 1.0000 +/- 0.0000
Counting Efficiency: 0.1776 +/- 0.0033 on 12/15/2012 1:57:26 PM
Effective Efficiency: 0.1776 +/- 0.0033
Control Certificate Name: Ra226 Ra-5b
Chem. Recov. of Control: RA-226 0.538658 +/- 0.033780
Peak Match Tolerance: 0.350 MeV

————— PEAK AREA REPORT -----

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
RA-224 5.527 595.41 8.07 4.59 0.00E+000 6.2
RA-226 4.660 373.15 10.16 0.85 0.00E+000 12.9

----- NUCLIDE ANALYSIS RESULTS -----

Id Energy Activity MDA

Nuclide Conf. (keV) (pCi/liter ) (pCi/liter )
RA-224 0.968 5685.50%* 1.81E+001 +/- 3.57E+002 3.14E-001 +/- 6.20E+000
RA-226 0.980 4785.00%* 1.06E+001 +/- 1.15E+000 1.71E-001 +/- 6.22E-003
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0000056044 .CNF

- Live Time :10200.000 sec
60__ Real Time :10201.000 sec
L start:  1:3404.1(kev)
L Stop : 1024:6604.2(kev)
L Acq. Start :Fri Apr 19 14:39:26 2013
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Channel Data Report
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SPECTRAL DATA
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Channel Data Report
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Channel Data Report
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US EPA ARCHIVE DOCUMENT

__Bpex-Alpha”

BLANK
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000559
1304051A-RA
02

Shelf 2

Ra

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Alpha 022

22
System Bkgd 55198
<not performeds

1.500E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 2.040E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 4/19/2013 12:49:50 PM
Acquisition Date/Time: 4/19/2013 2:39:27 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Chem. Recovery Factor: 1.0000 +/- 0.0000
Counting Efficiency: 0.1531 +/- 0.0029 on 12/15/2012 1:57:26 PM
Effective Efficiency: 0.1531 +/- 0.0029
Peak Match Tolerance: 0.350 MeV

————— PEAK AREA REPORT -

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
RA-224 5.498 5.13 103.36 1.87 0.00E+000 3.1
RA-226 4.646 5.30 99.84 1.70 0.00E+000 6.2

----- NUCLIDE ANALYSIS RESULTS -———=-

Id Energy Activity MDA

Nuclide Conf (keV) (pCi/liter ) (pCi/liter )
RA-224 0.955 5685.50* 1.29E-001 +/- 2.55E+000 1.90E-001 +/- 3.75E+000
RA-226 0.975 4785.00%* 1.25E-001 +/- 1.25E-001 1.73E-001 +/- 6.45E-003
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0000055945 .CNF

sk L i 000 e
| start:  1:3421.5(kev)
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| Acq. Start :Fri Apr 19 14:39:27 2013
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US EPA ARCHIVE DOCUMENT

m—“f_::"%ApeX'

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Alpha”

FB AT PZ-110-8S TOT-DUP
\\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00000559
1304051A-RA

03

Shelf 2

Ra

Alpha 024
24
System Bkgd 55199

<not performeds

1.500E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 1.660E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 4/18/2013 12:49:50 PM
Acquisition Date/Time: 4/19/2013 2:39:28 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Chem. Recovery Factor: 0.9323 +/- 0.0000
Counting Efficiency: 0.1710 +/- 0.0032 on 12/15/2012 2:02:15 PM
Effective Efficiency: 0.1594 +/- 0.0030
Peak Match Tolerance: 0.350 MeV

----- PEAK AREA REPORT ————-

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keVv)
RA-224 5.565 4.43 129.80 3.57 0.00E+000 3.1
RA-226 4.710 -1.38 168.33 2.38 0.00E+000 3.1

————— NUCLIDE ANALYSIS RESULTS ——---

Id Energy Activity MDA

Nuclide Conf (keV) (pCi/liter ) (pCi/liter )
RA-224 0.981 5685.50%* 1.05E-001 +/- 2.93E+001 2.24E-001 +/- 6.24E+001
RA-226 0.993 4785.00* -2.54E-002 +/- 4.27E-002 1.51E-001 +/- 5.52E-003
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US EPA ARCHIVE DOCUMENT

_Enpex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Alpha”

PZ-105-8S TOT
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000559
1304051A-RA

04

Shelf 2

Ra

Alpha 025
25
" System Bkgd 55200

<not performeds

1.500E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 1.950E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 4/18/2013 12:49:50 PM
Acquisition Date/Time: 4/19/2013 2:39:28 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Chem. Recovery Factor: 0.8762 +/- 0.0000
Counting Efficiency: 0.1736 +/- 0.0032 on 12/15/2012 1:57:27 PM
Effective Efficiency: 0.1521 +/- 0.0028
Peak Match Tolerance: 0.350 MeV

----- PEAK AREA REPORT ---=-

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (kev)
RA-224 5.506 17.47 49.24 1.53 0.00E+000 4.7
RA-226 4,615 79.15 22.17 0.85 0.00E+000 4.7

----- NUCLIDE ANALYSIS RESULTS -----

Id Energy Activity MDA

Nuclide Conf (keV) (pCi/liter ) (pCi/liter )
RA-224 0.959 5685.50% 5.10E-001 +/- 1.42E+002 2.08E-001 +/- 5.79E+001
RA-226 0.963 4785.00%* 1.79E+000 +/- 4.03E-001 1.36E-001 +/- 4.95E-003
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0000055947 .CNF
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B Live Time :10200.000 sec
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US EPA ARCHIVE DOCUMENT

_SNpex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Alpha”

PZ-105-SS DIS
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000559
1304051A-RA

05

Shelf 2

Ra

Alpha_027

27
System Bkgd 55201
<not performeds>

1.500E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 1.950E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 4/18/2013 12:49:50 PM
Acquisition Date/Time: 4/19/2013 2:39:29 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Chem. Recovery Factor: 0.8865 +/- 0.0000
Counting Efficiency: 0.1728 +/- 0.0032 on 12/15/2012 2:27:41 PM
Effective Efficiency: 0.1531 +/- 0.0029
Peak Match Tolerance: 0.350 MeVv

----- PEAK AREA REPORT -----

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error ¥ Backgnd Backgnd (keV)
RA-224 5.503 15.81 51.42 1.19 0.00E+000 3.2
RA-226 4.605 54.13 27.17 1.87 0.00E+000 3.2

----- NUCLIDE ANALYSIS RESULTS =

Id Energy Activity MDA

Nuclide Conf (keV) (pCi/liter ) (pCi/liter )
RA-224 0.957 5685.50%* 4.58E-001 +/- 1.28E+002 1.91E-001 +/- 5.33E+001
RA-226 0.959 4785.00%* 1.22E+000 +/- 3.34E-001 1.70E-001 +/- 6.26E-003
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US EPA ARCHIVE DOCUMENT

_Npex-

Sample Description:
Spectrum File:
Batch Identification:

Alpha”

S-10 TOT
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000559
1304051A-RA

Sample Identification: . 06

Sample Geometry: Shelf 2
Procedure Description: Ra
Detector Name: Alpha 029
Chamber Serial Number:

Detector Serial Number: 29

Env. Background:
Reagent Blank:

Sample Size:

System Bkgd 55202
<not performeds

1.500E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 1.250E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 4/18/2013 12:49:50 PM
Acqguisition Date/Time: 4/19/2013 2:39:30 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Chem. Recovery Factor: 0.7297 +/- 0.0000
Counting Efficiency: 0.1945 +/- 0.0036 on 12/15/2012 2:30:02 PM
Effective Efficiency: 0.1420 +/- 0.0026
Peak Match Tolerance: 0.350 MeV

————— PEAK AREA REPORT -—---

Enerqgy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
RA-224 5.505 3.13 144.40 1.87 0.00E+000 6.2
RA-226 4.492 1.98 176.34 1.02 0.00E+000 3.1

----- NUCLIDE ANALYSIS RESULTS -———=-

Id Energy Activity MDA

Nuclide Conf (keV) (pCi/liter ) (pCi/liter )
RA-224 0.958 5685.50%* 6.28E-002 +/- 1.75E+001 1.52E-001 +/- 4.24E+001
RA-226 0.894 4785.00%* 3.08E-002 +/- 5.43E-002 9.80E-002 +/- 3.53E-003
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_==Apex-

Sample Description:
Spectrum File:
Batch Identification:

Alpha”

S-10 DIS
\\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00000559
1304051A-RA

Sample Identification: 07

Sample Geometry: Shelf 2
Procedure Description: Ra
Detector Name: Alpha 033
Chamber Serial Number: 04026479A
Detector Serial Number: 91132

Env. Background:
Reagent Blank:

Sample Size:

System Bkgd 55203
<not performeds

1.500E+000 +/- 0.000E+000 liter.

Generic Mult. Factor: 1.710E+000 Generic Div. Factor: 1.000E+000

Sample Date/Time: 4/18/2013 12:49:50 PM

Acquisition Date/Time: 4/19/2013 3:00:27 PM
h Acquisition Live Time: 170.0 minutes
z Acquisition Real Time: 170.1 minutes
ll‘ Chem. Recovery Factor: 0.9574 +/- 0.0000

Counting Efficiency: 0.1825 +/- 0.0032 on 12/16/2012 5:49:18 PM
z Effective Efficiency: 0.1747 +/- 0.0031
: Peak Match Tolerance: 0.350 MeV
- ————— PEAK AREA REPORT = ===---

Energy Net Pk Area Ambient Reagent FWHM

‘:I Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keVv)
m RA-224 5.517 1.81 153.78 1.19 0.00E+000 3.0

RA-226 4,701 0.49 416.98 0.51 0.00E+000 3.0
- NUCLIDE ANALYSIS RESULTS -----
: Id Energy Activity MDA
u Nuclide Conf (keV) (pCi/liter ) (pCi/liter )
“ RA-224 0.963 5685.50%* 4.05E-002 +/- 1.14E+001 1.47E-001 +/- 4.16E+001
4 RA-226 0.991 4785.00* 8.47E-003 +/- 3.53E-002 9.07E~002 +/- 3.12E-003
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US EPA ARCHIVE DOCUMENT

_Zhpex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Alpha”

LR-104 TOT
\\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00000559
1304051A-RA

08

Shelf 2

Ra

Alpha 034
040264798

91136

System Bkgd 55204
<not performeds

1.500E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 2.340E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 4/18/2013 12:49:50 PM
Acquisition Date/Time: 4/19/2013 3:00:29 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.1 minutes
Chem. Recovery Factor: 0.8719 +/- 0.0000
Counting Efficiency: 0.1856 +/- 0.0032 on 12/16/2012 5:49:43 PM
Effective Efficiency: 0.1618 +/- 0.0028
Peak Match Tolerance: 0.350 MeV

————— PEAK AREA REPORT -

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
RA-224 5.563 14.49 52.54 0.51 0.00E+000 3.0
RA-226 4.562 24 .66 39.79 0.34 0.00E+000 3.0

————— NUCLIDE ANALYSIS RESULTS -——---

Id Energy Activity MDA

Nuclide Conf (keV) (pCi/liter ) (pCi/liter )
RA-224 0.980 5685.50%* 4.79E-001 +/- 1.35E+002 1.73E-001 +/- 4.90E+001
RA-226 0.937 4785.00%* 6.30E-001 +/- 2.52E-001 1.22E-001 +/- 4.17E-003
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Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Alpha”

LR-104 DIS
\\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00000559
1304051A-RA

09

Shelf 2

Ra

Alpha 035
04026477A

58771

System Bkgd 55205
<not performeds

1.500E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 1.950E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 4/18/2013 12:49:50 PM
Acquisition Date/Time: 4/19/2013 3:00:31 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.1 minutes
Chem. Recovery Factor: 0.9484 +/- 0.0000
Counting Efficiency: 0.1826 +/- 0.0032 on 12/16/2012 5:49:42 PM
Effective Efficiency: 0.1732 +/- 0.0030
Peak Match Tolerance: 0.350 MeV

----- PEAK AREA REPORT -----

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
RA-224 5.519 12.00 58.89 0.00 0.0CE+000 2.9
RA-226 4.623 19.49 45.07 0.51 0.00E+000 2.9

----- NUCLIDE ANALYSIS RESULTS -----

Id Energy Activity MDA

Nuclide Conf (keVv) (pCi/liter ) (pCi/litexr )
RA-224 0.964 5685.50* 3.09E-001 +/- 8.73E+001 1.54E~-001 +/- 4.36E+001
RA-226 0.966 4785.00%* 3.88E-001 +/- 1.75E-001 1.04E-001 +/- 3.57E-003
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_Npex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Alpha”

DUP 01 TOT
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000559
1304051A-RA

10

Shelf 2

Ra

Alpha 037

04026478A

91133

System Bkgd 55207
<not performeds

1.500E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 2.120E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 4/18/2013 12:49:50 PM
Acquisition Date/Time: 4/19/2013 3:00:32 PM
h Acquisition Live Time: 170.0 minutes
z Acquisition Real Time: 170.1 minutes
ll‘ Chem. Recovery Factor: 0.9555 +/- 0.0000
Counting Efficiency: 0.1783 +/- 0.0033 on 1/26/2013 3:28:25 PM
z Effective Efficiency: 0.1704 +/- 0.0032
: Peak Match Tolerance: 0.350 MeV
- ————— PEAK AREA REPORT = -~=----
Enerqgy Net Pk Area Ambient Reagent FWHM
‘:I Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
ll‘ RA-224 5.545 3.66 107.87 0.34 0.00E+000 2.9
RA-226 4.524 14.49 52.54 0.51 0.00E+000 2.9
'-1 ————— NUCLIDE ANALYSIS RESULTS = -~----
: Id Energy Activity MDA
u Nuclide Conf (kev) (pCi/liter ) (pCi/liter )
“ RA-224 0.974 5685.50%* 1.04E-001 +/- 2.94E+001 1.36E-001 +/- 3.84E+001
4 RA-226 0.915 4785.00%* 3.19E-001 +/- 1.68E-001 1.15E-001 +/- 4.20E-003
o Y2313
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US EPA ARCHIVE DOCUMENT

_Spex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Alpha”

DUP 01 DIS
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000559
1304051A-RA

11

Shelf 2

Ra

Alpha 040
06027396B

91135

System Bkgd 55210
<not performeds>

1.500E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 2.000E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 4/18/2013 12:49:50 PM
Acquisition Date/Time: 4/19/2013 3:00:35 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.1 minutes
Chem. Recovery Factor: 0.8350 +/- 0.0000
Counting Efficiency: 0.1900 +/- 0.0033 on 12/16/2012 5:49:33 PM
Effective Efficiency: 0.1587 +/- 0.0028
Peak Match Tolerance: 0.350 MeV

----- PEAK AREA REPORT -----

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (kev)
RA-224 5.584 5.49 88.08 0.51 0.00E+000 3.0
RA-226 4.574 8.66 68.12 0.34 0.00E+000 3.0

----- NUCLIDE ANALYSIS RESULTS -

Id Energy Activity MDA

Nuclide Conf (keV) (pCi/liter ) (pCi/liter )
RA-224 0.986 5685.50%* 1.58E-001 +/- 4.47E+001 1.51E-001 +/- 4.27E+001
RA-226 0.943 4785.00% 1.93E-001 +/- 1.32E-001 1.06E-001 +/- 3.62E-003
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_2Apex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Alpha”

DUP 02 TOT
\\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00000559
1304051A-RA

12

Shelf 2

Ra

Alpha 041
05026930A

91087

System Bkgd 55211
<not performeds

1.500E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 2.230E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 4/18/2013 12:49:50 PM
Acquisition Date/Time: 4/19/2013 3:00:37 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.1 minutes
Chem. Recovery Factor: 0.8901 +/- 0.0000
Counting Efficiency: 0.1978 +/- 0.0034 on 12/16/2012 5:49:31 PM
Effective Efficiency: 0.1761 +/- 0.0030
Peak Match Tolerance: 0.350 MeV

————— PEAK AREA REPORT -—---

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
RA-224 5.519 10.15 64.46 0.85 0.00E+000 3.0
RA-226 4.609 20.13 46.00 1.87 0.00E+000 3.0

————— NUCLIDE ANALYSIS RESULTS ---=-

Id Energy Activity MDA

Nuclide Conf (keV) (pCi/liter ) (pCi/liter )
RA-224 0.964 5685.50%* 2.94E-001 +/- 8.30E+001 1.73E-001 +/- 4.90E+001
RA-226 0.960 4785.00%* 4.50E-001 +/- 2.08E-001 1.69E-001 +/- 5.73E-003
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Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Alpha”

DUP 02 DIS
\\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00000559
1304051A-RA

13

Shelf 2

Ra

Alpha 042
05026930B

84185

System Bkgd 55212
<not performeds

1.500E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 2.160E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 4/18/2013 12:49:50 PM
Acquisition Date/Time: 4/19/2013 3:00:40 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.1 minutes
Chem. Recovery Factor: 0.9004 +/- 0.0000
Counting Efficiency: 0.1846 +/- 0.0032 on 12/16/2012 5:49:29 PM
Effective Efficiency: 0.1662 +/- 0.0029
Peak Match Tolerance: 0.350 MeV

————— PEAK AREA REPORT -----

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keVv)
RA-224 5.526 8.66 68.12 0.34 0.00E+000 0.0
RA-226 4.664 5.32 91.11 0.68 0.00E+000 6.0

----- NUCLIDE ANALYSIS RESULTS -——--

Id Energy Activity MDA

Nuclide Conf (keV) (pCi/liter ) (pCi/liter )
RA-224 0.967 5685.50%* 2.57E-001 +/- 7.27E+001 1.42E-001 +/- 4.01E+001
RA-226 0.981 4785.00%* 1.22E-001 +/- 1.11E-001 1.29E-001 +/- 4.41E-003
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US EPA ARCHIVE DOCUMENT

_SNpex-

Sample Description:
Spectrum File:
Batch Identification:

Alpha”

FB AT PZ-110-SS TOT
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000559
1304051A-RA

Sample Identification: 14

Sample Geometry: Shelf 2
Procedure Description: Ra
Detector Name: Alpha 044
Chamber Serial Number: 04026481B
Detector Serial Number: 84168

Env. Background:
Reagent Blank:

Sample Size:

System Bkgd 55214
<not performeds

1.500E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 1.430E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 4/18/2013 12:49:50 PM
Acquisition Date/Time: 4/19/2013 3:00:42 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.1 minutes
Chem. Recovery Factor: 0.8579 +/- 0.0000
Counting Efficiency: 0.1902 +/- 0.0033 on 12/16/2012 ©5:49:26 PM
Effective Efficiency: 0.1631 +/- 0.0028
Peak Match Tolerance: 0.350 MeVv

----- PEAK AREA REPORT -----

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (kev)
RA-224 5.405 1.66 169.38 0.34 0.00E+000 3.0
RA-226 4.626 7.83 70.93 0.17 0.00E+000 3.0

————— NUCLIDE ANALYSIS RESULTS ———--

Id Energy Activity MDA

Nuclide Conf (keV) (pCi/liter ) (pCi/liter )
RA-224 0.902 5685.50%* 3.32E-002 +/- 9.40E+000 9.57E-002 +/- 2.71E+001
RA-226 0.968 4785.00%* 1.21E-001 +/- 8.61E-002 6.46E-002 +/- 2.21E-003
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Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Alpha”

FB AT PZ-110-SS DIS
\\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00000559
1304051A-RA

15

Shelf 2

Ra

Alpha 046
04026482B

58762

System Bkgd 55215
<not performeds>

1.500E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 1.490E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 4/18/2013 12:49:50 PM
Acquisition Date/Time: 4/19/2013 3:00:44 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Chem. Recovery Factor: 0.8575 +/- 0.0000
Counting Efficiency: 0.1789 +/- 0.0031 on 12/16/2012 5:49:23 PM
Effective Efficiency: 0.1534 +/- 0.0027
Peak Match Tolerance: 0.350 MeV

----- PEAK AREA REPORT ---=--

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
RA-224 5.531 -0.17 1169.4 0.17 0.00E+00Q0 0.0
RA-226 4.741 1.83 152.56 0.17 0.00E+000 3.0

----- NUCLIDE ANALYSIS RESULTS ==

Id Energy Activity MDA

Nuclide Conf (keV) (pCi/liter ) (pCi/liter )
RA-224 0.969 5685.50%* -3,.77E-003 +/- 1.07E+000 9.26E-002 +/- 2.62E+001
RA-226 0.997 4785.00%* 3.14E-002 +/- 4.79E-002 7.16E-002 +/- 2.46E-003
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Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Alpha”

MW-103 TOT
\\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00000559
1304051A-RA

16

Shelf 2

Ra

Alpha 047
02030596A

91086

System Bkgd 55216
<not performeds

1.500E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 2.080E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 4/18/2013 12:49:50 PM
Acquisition Date/Time: 4/19/2013 3:00:47 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Chem. Recovery Factor: 0.9687 +/- 0.0000
Counting Efficiency: 0.1822 +/- 0.0032 on 12/16/2012 5:49:21 PM
Effective Efficiency: 0.1765 +/- 0.0031
Peak Match Tolerance: 0.350 MeV

————— PEAK AREA REPORT ———=-

Enerqgy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (kev)
RA-224 5.524 46.66 28.82 0.34 0.00E+000 3.7
RA-226 4.547 37.32 32.42 0.68 0.00E+000 4.4

----- NUCLIDE ANALYSIS RESULTS -----

Id Enexrgy Activity MDA

Nuclide Conf (keV) (pCi/liter ) (pCi/liter )
RA-224 0.966 5685.50%* 1.26E+000 +/- 3.55E+002 1.29E-001 +/- 3.64E+001
RA-226 0.928 4785.00* 7.77E-001 +/- 2.53E-001 1.17E-001 +/- 4.03E-003
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US EPA ARCHIVE DOCUMENT

__Bhpex-

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Alpha”

MW-103 DIS
\\OR-ALPHAl\Canberra\ApexAlpha\Root\Data\00000559
1304051A-RA

17

Shelf 2

Ra

Alpha 048
02030596B

83111

System Bkgd 55217
<not performeds

1.500E+000 +/- 0.000E+000 liter

Generic Mult. Factor: 2.080E+000 Generic Div. Factor: 1.000E+000
Sample Date/Time: 4/18/2013 12:49:50 PM
Acquisition Date/Time: 4/19/2013 3:00:50 PM
Acquisition Live Time: 170.0 minutes
Acquisition Real Time: 170.0 minutes
Chem. Recovery Factor: 0.9796 +/- 0.0000
Counting Efficiency: 0.1680 +/- 0.0030 on 12/16/2012 5:49:20 PM
Effective Efficiency: 0.1645 +/- 0.0029
Peak Match Tolerance: 0.350 MevV

————— PEAK AREA REPORT ——---

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
RA-224 5.537 9.98 65.65 1.02 0.00E+000 3.0
RA-226 4.643 10.83 60.10 0.17 0.00E+000 3.0

————— NUCLIDE ANALYSIS RESULTS ===

Id Energy Activity MDA

Nuclide Conf (kev) (pCi/liter ) (pCi/liter )
RA-224 0.971 5685.50%* 2.88E-001 +/- 8.15E+001 1.82E-001 +/- 5.15E+001
RA-226 0.974 4785.00%* 2.42E-001 +/- 1.46E-001 9.32E-002 +/- 3.23E-003
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US EPA ARCHIVE DOCUMENT

_Shpex-Alpha”

Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Generic Mult. Factor:
Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Chem. Recovery Factor:
Counting Efficiency:

Effective Efficiency:

Peak Match Tolerance:

PZ-200-8S TOT
\\OR-ALPHA1l\Canberra\ApexAlpha\Root\Data\00000560

1304051A-RA
18

Shelf 2

Ra

Alpha 003

3
System Bkgd

55191

<not performeds

1.500E+000 +/-
2.370E+000

4/18/2013
4/20/2013
170.0
170.0

0.7115
0.1746
0.1243

+/-
+/-
+/-

0.350 MeV

0.000E+000 liter

Generic Div. Factor:
12:49:50 PM
1:48:54 PM
minutes
minutes
0.0000
0.0033 on 12/15/2012
0.0023

1.000E+000

11:26:47 AM

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
RA-224 5.537 25.94 41.05 3.06 0.00E+000 3.0
RA-226 4.602 72.30 23.37 1.70 0.00E+000 3.0

----- NUCLIDE ANALYSIS RESULTS ---=-

Id Energy Activity MDA

Nuclide Conf (keV) (pCi/liter ) (pCi/liter )
RA-224 0.970 5685.50%* 1.35E+000 +/- 7.16E+002 4.66E-001 +/- 2.46E+002
RA-226 0.957 4785.00%* 2.44E+000 +/- 5.76E-001 2.48E-001 +/- 9.07E-003

AG
42313

gy
1Y
e
Bin



Counts

60

5

50~

4

40

3

2

20

1

1

0000056024 .CNF

5

5]

T r T T r T Tl

5

T

1

5]

5

04

rrrrrrrrr e T

ROI Type: 1

Live Time :10200.000 sec

Real Time :10200.000 sec

Start:  1:3498.4(kev)
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Sample Description:
Spectrum File:

Batch Identification:
Sample Identification:
Sample Geometry:
Procedure Description:

Detector Name:
Chamber Serial Number:

Detector Serial Number:

Env. Background:
Reagent Blank:

Sample Size:

Generic Mult. Factor:
Sample Date/Time:
Acquisition Date/Time:
Acquisition Live Time:
Acquisition Real Time:

Chem. Recovery Factor:
Counting Efficiency:
Effective Efficiency:

Peak Match Tolerance:

Apex-

Alpha”

PZ-200-SS DIS
\\OR-ALPHA1\Canberra\ApexAlpha\Root\Data\00000560
1304051A-RA

19

Shelf 2

Ra

Alpha 004

4
System Bkgd 55192
<not performeds

1.500E+000 +/- 0.000E+000 liter
2.770E+000 Generic Div. Factor: 1.000E+000
4/18/2013 12:49:50 PM
4/20/2013 1:48:55 PM
170.0 minutes
170.0 minutes

0.9546 +/- 0.0000
0.1940 +/- 0.0036 on 12/15/2012 11:26:46 AM
0.1852 +/- 0.0034

0.350 MeV

Energy Net Pk Area Ambient Reagent FWHM
Nuclide (MeV) Pk Area Error % Backgnd Backgnd (keV)
RA-224 5.524 37.09 34,11 3.91 0.00E+000 2.9
RA-226 4.586 69.62 23.96 2.38 0.00E+000 3.7

----- NUCLIDE ANALYSIS RESULTS -——---

Id Energy Activity MDA

Nuclide Conf. (keV) (pCi/liter ) (pCi/liter )
RA-224 0.965 5685.50%* 1.52E+000 +/- 8.03E+002 3.98E-001 +/- 2.11E+002
RA-226 0.950 4785.00%* 1.84E+000 +/- 4.46E-001 2.17E-001 +/- 7.80E-003
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Page 1 of

2

_ZNpex-Alpha”

Date :4/19/2013

QA SUMMARY REPORT
Review Of QA Results - Pulser Check

Time : 5:45:48 AM

4/19/2013 5:45:48 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 001 21f ALL Not Done
Alpha 002 21f ALL Not Done
Alpha 003 21f ALL Passed 4/19/2013 5:25:.30 AM
Alpha 004 21f ALL Passed 4/19/2013 5:25:31 AM
Alpha 005 21f ALL Not Done
Alpha 006 21f ALL Not Done
Alpha 007 21f ALL Not Done
Alpha 008 21f ALL Not Done
Alpha 009 21f ALL Not Done
Alpha 010 21f ALL Passed 4/19/2013 5:25:31 AM
Alpha 011 21f ALL Passed 4/19/2013 5:25:32 AM
Alpha 012 21f ALL Not Done
Alpha 013 21f ALL Passed 4/19/2013 5:25:33 AM
Alpha 014 21f ALL Passed 4/19/2013 5:25:34 AM
Alpha 015 21f ALL Not Done
Alpha 016 21f ALL Not Done
Alpha 017 AIM730 ALL Not Done
Alpha 018 AIM730 ALL Passed 4/19/2013 5:25:35 AM
Alpha 019 AIM730 ALL Not Done
Alpha 020 AIM730 ALL Not Done
Aipha 021 AIM730 ALL Not Done
Alpha 022 AIM730 ALL Passed 4/19/2013 5:25:35 AM
Alpha 023 AIM730 ALL Not Done
Alpha 024 AIM730 ALL Passed 4/19/2013 5:25:36 AM
Alpha 025 AIM730 ALL . Passed 4/19/2013 5:25:37 AM
Alpha 026 AIM730 ALL Not Done
Alpha 027 AIM730 ALL Passed 4/19/2013 5:25:38 AM
Alpha 028 AIM730 ALL Not Done
Alpha 029 AIM730 ALL Passed 4/19/2013 5:25:39 AM
Alpha 030 AIM730 ALL Not Done
Alpha 031 AIM730 ALL Not Done
Alpha 032 AIM730 ALL Not Done
Alpha 033 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:40 AM
Alpha 034 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:41 AM
Alpha 035 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:43 AM
Alpha 036 Alpha Analyst100DC ALL Not Done
Alpha 037 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:44 AM
Alpha 038 Alpha Analyst100DC ALL : Not Done
Alpha 039 Alpha Analyst100DC ALL Not Done
Alpha 040 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:46 AM
Alpha 041 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:47 AM
Alpha 042 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:49 AM
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4/19/2013 5:45:48 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 043 Alpha Analyst100DC ALL Not Done
Alpha 044 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:50 AM
Alpha 045 Alpha Analyst100DC ALL Not Done
Alpha 046 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:52 AM
Alpha 047 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:53 AM
Alpha 048 Alpha Analyst100DC ALL Passed 4/19/2013 5:25:55 AM
APPROVED BY: —

APPROVAL DATE: v/ 5// >
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QA SUMMARY REPORT

Review Of QA Results - Pulser Check

Date :4/20/2013
Time :10:55:28 AM

4/20/2013 10:55:28 AM

CHAMBER DEVICE PARAMETER FLAG DATE
Alpha 003 21f ALL Passed 4/20/2013 10:41:32 AM
Alpha_004 21f ALL Passed 4/20/2013 10:41:33 AM
Alpha 010 21f ALL Passed 4/20/2013 10:41:34 AM
Alpha 011 21f ALL Passed 4/20/2013 10:41:35 AM
Alpha 013 21f ALL Passed 4/20/2013 10:41:36 AM
Alpha 014 21f ALL Passed 4/20/2013 10:41:37 AM
Alpha 018 AIM730 ALL Passed 4/20/2013 10:41:38 AM,
Alpha 022 AIM730 ALL Passed 4/20/2013 10:41:39 AM
Alpha 024 AIM730 ALL Passed 4/20/2013 10:41:39 AM
Alpha 025 AIM730 ALL Passed 4/20/2013 10:41:40 AM
Alpha 027 AIM730 ALL Passed 4/20/2013 10:41:41 AM
Alpha 029 AIM730 ALL Passed 4/20/2013 10:41:42 AM
Alpha 033 Alpha Analyst100DC ALL Passed 4/20/2013 10:41:44 AM
Alpha_034 Alpha Analyst100DC ALL Passed 4/20/2013 10:41:45.AM
Alpha 035 Alpha Analysti00DC ALL Passed 4/20/2013 10:4i:46 AM
Alpha 036 Alpha Analyst100DC ALL Passed 4/20/2013 10:41:48 AM
Alpha 037 Alpha Analyst100DC ALL Passed 4/20/2013 10:41:50 AM
Alpha 038 Alpha Analyst100DC ALL Passed 4/20/2013 10:41:52 AM
Alpha 039 Alpha Analyst100DC ALL Passed 4/20/2013 10:41:54 AM
Alpha 040 Alpha Analyst100DC ALL Passed 4/20/2013 10:41:56 AM
Alpha 041 Alpha Analyst100DC ALL Passed 4/20/2013 10:41:58 AM
Alpha 042 Alpha Analyst100DC ALL Passed 4/20/2013 10:42:00 AM
Alpha_043 Alpha Analystl00DC ALL Passed 4/20/2013 10:42:02 AM
Alpha 